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REPORT 


OF 

THE CHIEF OF ENGINEERS. 


Office of the Chief of Engineers, 

Washington , D. C., October 12,1877. 
Sir : I have the honor to present for your information the following 
report upon the duties and operations of the Eugineer Department for 
the fiscal year ending June 30, 1877: 

officers of the corps of engineers. 


TJhe number of officers holding commissions in the Corps of Engineers, 
United States Army, at the end of the fiscal year was 109 on the active- 
list and 5 on the retired-list, the latter, however, under the law of Janu¬ 
ary 21,1870, not being available for duty. In the duties devolving upon * 
the corps by law and by its organization, the employment of a number 
of scientists and assistant engineers has been necessary. 

Since my last report the corps has lost by death one of its officers, 
First Lieut. John H. Weeden, who died at San Fraucisco, Cal., January 
29,1877. 

There have been added to the corps, by promotion of graduates of the 
Military Academy, three second lieutenants, whose commissions date 
from June 15, 1877. 

On the 30th June, 1877, the officers were distributed as follows: 


On duty, office of the Chief of Engineers, including chief. 4 

On duty, office of the Chief of Engineers, and public buildings and grounds. Dis¬ 
trict of Columbia. 1 

On duty, projection and construction of fortifications... 5 

On duty, construction of fortifications and light-house duty. 2 

On duty, construction of fortifications and river and harbor works and surveys 

for same. 19 

On duty, construction of fortifications and river and harbor works and light¬ 
house duty and surveys for same. 3 

On duty, construction of river and harbor works and surveys for same. 19 

On duty, construction of river and harbor works and light-house duty and sur¬ 
veys for same. 6 

On duty, survey of northern and northwestern lakes, and survey of the Missis¬ 
sippi River. 4 

On duty, inspection of jetties at mouth of Mississippi River. 1 

On duty, explorations of country west of one hundredth meridian. 4 

On duty with battalion of engineers. 10 

On duty with battalion of engineers and at the Military Academy. 2 

Detached on duty with the General of the Army, generals commanding divisions 
and departments, light-house establishment, Military Academy, Department 

of State, and the Board of Commissioners of the District of Columbia. 23 

On leave of absence.-. 3 

Recent graduates of the Military Academy on leave of absence. 3 


Total 


109 
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SEA-COAST AND L A K E - F R O N T I E R DEFENSES. 

During the past year, on account of the limited appropriations granted, 
work upon our sea-coast defenses has been practically limited to their 
care, preservation, and partial repair. 

The urgent need for the preparation of our chief harbors for successful 
resistance to the powerful iron clad fleets of the present day has been 
frequently presented in the annual reports and other papers of this 
office. Referring to these papers, in which the necessity for this prepara¬ 
tion in advance of the emergency has been explained in detail, I again 
urge the adoption of some reasonable system of* annual expenditure 
upon our harbor defenses. 

For detailed report upon the several works of fortification, I beg leave 
to refer to the synopsis of reports of the several officers in charge. The 
estimates for the works have been carefully revised by me, and are 
earnestly recommended. 

Special attention is asked to the estimate of $100,000 for torpedoes. 
This most valuable invention of modern warfare is used to form an ob¬ 
struction and obstacle to the entrance of our harbors, and to hold the 
enemy’s vessels under the fire of the shore batteries. The charges in 
the torpedoes are fired by the electric current, and many parts of the 
system cannot be obtained in an emergency. It is to procure and store 
such portions of the apparatus as cannot be speedily obtained, in the 
event of sudden hostilities, that the appropriation is asked. 

FORTIFICATIONS. 

Fort Wayne , Michigan, in charge of Lieut Col. O. E. Blunt, Corps of 
Engineers .—This work commands the channel of Detroit River, anfl with 
its exterior barbette batteries already planned will control the naviga¬ 
tion of that stream. 

This work remains in the same condition as at the close of last year. 
The exterior batteries are unfinished, and the pointing and drainage of 
the scarps of the main work have not been taken in hand for want of 
funds. 

No appropriation was made for the fiscal year ending June 30,1878. 

No appropriation asked for next fiscal year. 

Fort Porter , Black Rock , near Buffalo , N. Y., in charge of Lieut Cot 
C. E. Blunt , Corps of Engineers .—This work occupies an important 
strategic point for the defense of the northern frontier. 

This work remains in the same condition as reported last year. The 
adjoining grounds, which form part of the park system of the city of 
Buffalo, have been further improved by the city under authority of the 
act of Congress, July 11, 1870. 

No appropriation was made for the fiscal year ending June 30,1868. 

No appropriation asked for next fiscal year. 

Fort Niagara , mouth of Niagara River , New York , in charge of Maj. 
Waller McFarland , Corps of Engineers .—This work is situated at the 
mouth of the Niagara River, commanding its debouch into Lake Ontario. 

This work remains in the same condition as at the close of the pre¬ 
ceding fiscal year. Nothing has been done here except to construct a 
new road to the fort, the old oue being nearly destroyed by washing 
away. 

No appropriation was made for the fiscal year ending June 30,1878. 

No appropriation asked for next fiscal year. 
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Fort Ontario, month of Oswego River, New York , in charge of Maf. 
Walter McFarland, Corps of Engineers .—This work protects the city of 
Oswego from a sodden attack or coup de main , or the levy of a contri¬ 
bution hy a small force of an enemy on shipboard. 

This work remains in the same condition as at the close of the last 
focal year. The masonry scarp of only one front, including bastions D 
and E, is high enough to be secure against a sudden assault. The faces 
of the remaining bastions have but an average of 12 or 14 feet of ma¬ 
sonry above the bottom of the ditches, while the masonry of their flanks 
is but 4 or 5 feet above the bottom of the ditch, giving such facility of 
entrance into the work that a small guard, such as is usually left in the 
work when the garrison is called away, wonld be incapable of keeping 
oot even a small body of men who might attempt to seize the ammuni¬ 
tion and stores deposited there. This masonry scarp is not exposed to 
the direct fire of artillery and should be completed without further 
delay, or a stockade should be built over the low masonry. 

No Appropriation was made for the fiscal year ending Jnne 30,1878. 

No appropriation asked for next fiscal year. 

Fort Montgomery , outlet to Lake Champlain, New York , in charge of 
Lieut. Col . John Newton , Corps of Engineers , until April 21, 1877; since 
that date in Charge of Capt. James Mercur, Corps of Engineers. —This work 
occupies an important strategic point, and commands the entrance to 
Lake Ohamplam from the Richelieu or Saint John River. 

Portions of the eartbeu parapet have been resodded, repairs made to 
the asphalt covering of curtain III, and tie rods for strengthening the 
right or north face of bastion D have been put in. 

No appropriation was made for the fiscal year ending June 30,1878. 

No appropriation asked for next fiscal year. 

Fort Knox, Bucksport , Penobscot River, Maine, in charge of Lieut. Col . 
J. C . Duane, Corps of Engineers. —This work, situated at the narrows of 
the Penobscot River, furnishes a defense for the city of Bangor, 18 miles 
above, and other towns bordering the river, and renders it available as 
a secure harbor of refuge for the shipping of the extensive eastern 
coast. 

The condition of this work remains unchanged, no operations having 
been carried on during the fiscal year except for the necessary care and 
preservation of the property. 

No appropriation was made for the fiscal year ending Jnne 30, 1878. 

No appropriation asked for next fiscal year. 

Fort Popham, Kennebec River , Maine, in charge of Lieut. Col . J. 0. 
Duane, Corps of Engineers. —This work defends the entrance through 
the mouth of the Kennebec River to the rich valley of this river, the 
cities of Bath and Augusta, and the United States arsenal at the latter 
place. 

The condition of this work remains unchanged, no operations having 
been carried on during the fiscal year except for the necessary care and 
preservation of the property. 

N* appropriation was made for the fiscal year ending June 30, 1878. 

No appropriation asked for next fiscal year. 

Fort Gorges, Portland Harbor, Maine, in charge of Lieut. Col . J. <7. 
Bunm, Corps of Engineers .—-This work is one of the series of forts de¬ 
tuned to defend the harbor and channels leading into the harbor of the 
important strategic position occupied by the city of Portland. 

The condition of this work remains unchanged, no operations having 
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'been carried on during the fiscal year except for the necessary care and 
preservation of the property. 

No appropriatioD was made for the fiscal year ending June 30,1878. 

Appropriation asked for next fiscal year. $10,000 00 

Fort Preble , Portland Harbor, Maine , in charge of Lieut . Col. J. C. 
Duane , Corps of Engineers .—This work occupies such a position that 
three-fourths of its guns command the two principal channels entering 
the harbor of Portland. 

The condition of this work remains unchanged, no operations having 
been carried on during the fiscal year except for the necessary care and 
preservation of the property. 

No appropriation was made for the fiscal year endiug June 30, 1878. 

Appropriation asked for next fiscal year.$30,000 00 

Fort Scammel , Portland Harbor , Maine , in charge of Lieut . Col. J. C. 
Duane , Corps of Engineers .—This work occupies a very important posi¬ 
tion in the harbor and commands four of the channels leading into it. 

The condition of this work remains unchanged, no operations having 
been carried on during the fiscal year except lor the care and preserva¬ 
tion of the property. 

No appropriation was made for the fiscal year ending June 30, 1878. 

Appropriation asked for next fiscal year. $50,000 00 

Ba ttery on Portland Head , Portland Harbor , Maine , in charge of Lieut. 
Col. J. C. Duane , Corps of Engineers .—This work covers by its guns all 
the approaches to the main channel leading into the harbor, and will 
prevent by its fire an enemy’s fleet from taking up, unopposed, a position 
behind 'Bangs’s Island, from which to bombard Portland, or shell the 
shipping in the harbor. 

The condition of this work remains the same as at the close of the 
last fiscal year, no operations having been carried on except for the 
necessary care and preservation of the property. 

No appropriation was made for the fiscal year ending June 30,1878. 

Appropriation asked for next fiscal year. $50,000 00 

Fort Me Clary, Portsmouth Harbor, New Hampshire , in charge of Lieut. 
Cd.J. C. Duane , Corps of Engineers .—This work, together with Fort 
Constitution, opposite, forms the inner line of defense to the mouth of 
the Piscataqua River, and to the navy-yard at Kittery, Maine. 

The condition of this work remains the same as at the close of the 
previous fiscal year, no operations having been carried on except for the 
necessary care and preservation of the property. 

No appropriation was made for the fiscal year ending June 30,1878. 

No appropriation asked for next fiscal year. 

Fort Constitution , Portsmouth Harbor , New Hampshire , in charge of 
Lieut. Col. J. C. Duane , Corps of Engineers .—The condition of this work 
remains unchanged, no operations having been carried on except for the 
necessary care and preservation of the property. 

No appropriation was made for the fiscal year ending June 30,1878. 

No appropriation asked for next fiscal year. 

Battery on QerrisFs Island, Portsmouth Harbor , New Hampshire , in 
charge of Lieut. Col. J. C. Duane, Corps of Engineers .—This battery, with 
the one opposite, on Jerry’s Point, forms the outer line of defense to 
Portsmouth Harbor, and to the navy yard at Kittery, Maine. 

This work remains the same as at the close of the last fiscal year, no 
operations having been carried on except for the necessary care and 
preservation of the property. 

No appropriation was made for the fiscal yearjending Jnne 30,1878. 

Appropriation asked for next fiscal year. $36,000 00 
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Battery on Jerry’s Point, Portsmouth Harbor, Nets Hampshire, in charge 
of Lieut. Col. J. C. Duane, Corps of Engineers. —No operations were car¬ 
ried on at this work daring tbe past fiscal year except for tbe necessary 
care and preservation of tbe property. 

No appropriation was made for the fiscal year ending Jane 30,1878. 

Appropriation asked for next fiscal year.$24,000 00 


Fort Warren , Boston Harbor , Massachusetts, in charge of Col . Henry . 
W . Benham , Corps of Engineers .—This important work is for the de¬ 
fense of the main channel of entrance to Boston Harbor, and commands 
the anchorage of Nantasket Roads, 

The small amount of fnnds available was expended daring the work¬ 
ing season of 1876 in repairing the earth-slopes of the ravelin battery, 
of the cover-face of front 3, and of bastion A; in repairs to the concrete 
and plastering of the magazine-arch in bastion B, to the main drain in 
the ditch of front 2, and to the asphalt cover of the casemates of front 3 

No appropriation was made for the fiscal year ending Jane 30,1878. 

Appropriation asked for next fiscal year.$75,000 00 

Battery at Long Island Head , Boston Harbor , Massachusetts , in charge 
of Col . Henry W. Benham , Corps of Engineers .—This work occupies an 
important position in the outer line of defense to Boston Harbor, and 
its guns bear upon all the channels of entrance thereto. 

During the past fiscal year repairs were made to the drains, and the 
teiTepleins of the two npper batteries were graded sufficiently to allow 
the guns to be traversed. 

No appropriation was made for the fiscal year ending Jane 30,1878. 

Appropriation asked for next fiscal year.$50,000 00 

Fort Winthrop , Boston Harbor , Massachusetts , in charge of Col. Henry 
W . Benham , Corps of Engineers .—This is one of the works forming the 
inner line of defense to Boston Harbor and the navy-yard at Charlestown. 

Operations during the whole year were confined, from want of fnnds, 
to a few slight repairs to the slopes and drains. The work is generally 
in good condition, but small sea-walls are required to protect the sites 
of the east and south batteries. 

No appropriation was made for the fiscal year ending Jane 30, 1878. 

Appropriation asked for next fiscal year. $50,000 00 

Fort Independence , Boston Harbor , Massachusetts , in charge of Col. 
Henry W. Benham , Corps of Engineers .—This is one of the works form¬ 
ing the inner line of defense for the harbor of Boston. 

Work was suspended during the whole year from want of funds, the 
small balance available being expended in the care and oversight of 
the work. 

No appropriation was made for the fiscal year ending June 30,1878. 

Appropriation asked for next fiscal year. $30,000 00 

Fort at Claris Point , New Bedford Harbor , Massachusetts , in charge of 
Maj. O. K. Warren , Corps of Engineers .—The guns of this work com¬ 
mand the entrance to tbe harbor of New Bedford. 

Nothing has been done during the past fiscal year except taking care 
of the property. 

Plans for the beavy-gun batteries are ready, and work can be begun 
assoon as money is appropriated. 

No appropriation was made for the fiscal year ending Jane 30,1878. 

Appropriation asked for next fiscal year.$30,000 00 

Fort Adams , Newport Harbor , Rhode Island , in charge of Maj. G. K. 
Warren , Corps of Engineers .—This large and important work defends 
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the harbor and city of Newport, and commands the principal passage to 
Narragansett Bay, one of the best roadsteads on the coast. 

Nothing has been done daring the fiscal year excepting for the care 
and preservation of the work. 

The preparatory work for the construction of the new battery (such 
as draining and opening of roads) having been completed, rapid progress 
can be made in construction when the necessary funds are appropriated. 

Many repairs are needed to the main work and to the permanent 
wharf. 

No appropriation was made for the fiscal year ending June 30,1878. 

Appropriation asked for next fiscal year...$40,000 00 

Defenses of Dutch Island , western entrance to Narraganset Bay, Rhode 
Island , in charge of Mag. G. K. Warren , Corps of Engineers.. —These de¬ 
fenses lie in and command the western passage to Narragansett Bay. 

The only work performed during the fiscal year has been the general 
care of the property. 

No other work is contemplated for the fiscal year ending June 30,1878. 
No appropriation was made for the fiscal year ending June 30, 1878. 

Appropriation asked for next fiscal year.$40,000 00 

Fort Trumbull , New London Harbor , Connecticut , in charge of Maj. J . 
W. Barlow , Corps of Engineers .—This work, upon the west bank of the 
Thames River, with Battery Griswold on the east bank, forms the de¬ 
fense of the harbor of New London. 

Operations have been confined to the repair and preservation of the 
work. An appropriation for building the south exterior battery is recom¬ 
mended. 

No appropriation was made for the fiscal year ending Jane 30,1878. 

Appropriation asked for next fiscal year.$40,000 00 

Fort Griswold , New London Harbor , Connecticut , in charge of Maj. J\ 
W. Barlow , Corps of Engineers .—During the past fiscal year the bound¬ 
aries of the United States property have been established, and mere- 
stones marking the lines have been replaced. 

The stone fences should be repaired and made to conform to the 
established boundaries. 


No appropriation was made for the fiscal year ending Jane 30,1878. 

No appropriation asked for next fiscal >ear. 

Fort Hale , New Haven Harbor , Connecticut , in charge of Maj. J. W. 
Barlow , Corps of Engineers .—This work commands the channel of en¬ 
trance to New Haven Harbor. 

No work has been done during the past fiscal year. The sea-wall has 
sustained additional damage from the action of ice and storms. To 
rebuild wall on old plan and repair the break in the beach would cost 
$2,000. To rebuild wall upon the new plan submitted by the officer in 
charge, including repair of break, would cost $10,000. 

The expediency of these repairs is under consideration by the Board 
of Engineers for Fortifications. 

No appropriation was made for the fiscal year ending June 30,1878. 

No appropriation asked for next fiscal year. 


Fort Schuyler, East River , New YorJc , in charge of Maj. H. L. Abbot , 
Corps of Engineers. —This is an important work for the defense of the 
entrance to the harbor of New York City through the East River. 

Nothing more than the ordinary care of the property has been possible 
daring the year, owing to want of fnnds. 

The main work is in a state which urgently requires attention. The 
remodeling of the barbette tier, to enable it to receive its proposed ar- 
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inament of modern gnns, has been mainly finished, but was suddenly 
stopped by the failure of the appropriation, and the new part now de¬ 
teriorates under the action of the weather. 

This fact, and the vast importance of the work to the defense of New 
York Harbor, renders a liberal appropriation specially needed. 

Ko appropriation was made for the fiscal year ending Jane 30, 1878. 

Appropriation asked for next fiscal year.$50,000 00 

Feriat Willets Pointy eastern entrance to New York Harbor, in charge of 
Meg. H. L. Abbot, Corps of Engineers. —This work unites with Fort 
Schuyler in the defense of the entrance to the harbor of New York 
City through the East River. 

Want of funds has prevented any essential progress from being made 
in preparing this important position for use in defending New York • 
City in case of war. Now that the Hell-Gate Channel is rapidly im¬ 
proving, and the city is extending along East River, the preparation of 
a strong defensive line for excluding a hostile fleet with certainty from 
these waiters is a matter of the very first importance. Torpedoes would, 
of course, be made to play an important part, but shore batteries are 
essential to defend them against the counter-operations of an enemy; 
and when the safety of such a port as New York is concerned, the nec¬ 
essary preparation should not be delayed. 

Doring the past fiscal year the sea-wall for the protection of the east 
battery has been exteuded 212 linear feet. The slopes and traverse 
magazines of this battery, which had been badly washed in consequence 
of the want of funds for the necessary sodding, have been regraded and 
partially protected by placing 2,237 superficial yards of sod. Storage- 
caseinates have been covered with 1,550 cubic yards of earth, nearly to 
grade. The wharf has been strengthened by the addition of 148 piles, 
rendered necessary by injuries from marine worms. The ordinary 
repairs of the different batteries and the care of the property have 
consumed the rest of the funds available. 

No appropriation was made for the fiscal year ending Jnne 30, 1878. 

Appropriation asked for next year. $80,000 00 

Fort Columbus , Governor's Island, New York Harbor, in charge of Lieut. 
Col. John Newton, Corps of Engineers, until April 2L, 1877; since that 
date in charge of Capt. James Mercur , Corps of Engineers. —The only 
work done duriug the past fiscal year consisted In extensive repairs to 
the engineer wharf. 

No appropriation was made for the fiscal year ending Jnne 30, 1878. 

Appropriation asked for next fiscal year...$5,000 00 


New Barbette Battery at Fort Columbus, Governors Island, New York 
Harbor, in charge of Lieut. Col. John Newton, Corps of Engineers, until 
April 21,1877; since that date in charge of Capt Jaynes Mercur , Corps of 
Engineers .—No work was doue here during the past fiscal year, and 
none contemplated during the present year. 

No appropriation was made for the fiscal year ending Jnne 30, 1878. 

No appropriation asked for next fiscal year. 


Castle Williams, Governor’s Island , New York Harbor, in charge of 
Lieut . Col . John Newton , Corps of Engineers, untU April 21, 1877; since 
that date in charge of Capt. James Mercur, Corps of Engineers .—No work 
was doue here during the last fiscal year. 

No appropriation was made for the fiscal year ending June 30,1878. 

No appropriation asked for next fiscal year. 


South Battery, Governor** Island , New York Harbor, in charge of Lieut. 
CoL John Newton, Corps of Engineers , until April 21,1877; since that 
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date in charge of Capt. James Mercur, Corps of Engineers. —No work was 
done here daring the past fiscal year, and none contemplated during 
the present. 

No appropriation was made for the fiscal year ending June 30,1878. 

No appropriation asked for next fiscal year. 

Fort Wood , Bedlods Island, New York Harbor, in charge of Lieut Col. 
John Newton, Corps of Engineers, until April 21, 1877; since that date in 
charge of Capt James Mercur, Corps of Engineers. —This work, together 
with those upon Governor’s Island, is designed to close the eutrance to 
the East and Hudson rivers, and to cover New York, part of Brook¬ 
lyn, and Jersey City from bombardment. 

No work has been done on this fort during the past fiscal year. Ap¬ 
plication was made in February, 1877, by Henry W. de Stuckle, esq., 
on behalf of the Union Frauco-Americaine, for plans and designs of a 
site for the pedestal of the colossal statue of Liberty. 

By a resolution of Congress approved March 3, 1877, the President 
was authorized to accept the colossal statue of “Liberty enlightening 
the World” when presented by the citizens of the French Republic, and 
to designate and set apart for the erection thereof a suitable site upon 
either Governor’s or Bedloe’s Island, in the harbor of* New York. By 
authority of the Houorable the Secretary of War the erection of the 
statue on the parade of the work was authorized, and a plan of the site 
was furnished Mr. de Stuckle in April last, but as yet no operations 
have been commenced on the part of the Union Franco-Americaine. 

No appropriation wns made for the fiscal year ending Jane 30, 1878. 

No appropriation asked for next fiscal year. 

Fort Hamilton and additional batteries, New York Harbor, in charge of 
Lieut. Col. John Newton, Corps of Engineers , until April 21, 1877; since 
that date in charge of Capt. James Mercur, Corps of Engineers .—These 
works are situated at the Narrows of New York Harbor, upon the Long 
Island side. 

During the past fiscal year repairs were made to the gates and bar¬ 
riers leading to the main ditch of the main work, and to the soddiug of 
the slopes and magazines of the 15-inch-gun battery. 

No appropriation was made for the fiscal year ending June 30, 1878. 

No appropriation asked for next fiscal year. 

Mortar-Battery at Fort Hamilton , New York Harbor, in charge of Lieut 
Col. John Newton, Corps of Engineers, until April 21, 1877 } since that 
date in charge of Capt James Mercur, Corps of Engineers. —No operations 
were carried on during the past fiscal year. 

Fort Wadsworth , Staten Island, New York Harbor, in charge of Lieut . 
Col. Q. A. Oillmore, Corps of Engineers. —This fort, situated on the Staten 
Island side of the Narrows of New York Harbor, is a large casemated 
work, having its lower tier of guus only a few feet above the level of 
ordinary high water. 

The ditch requires cleaning out, some painting and pointing are 
needed, and shot-beds are wanted on the parade of the work. It is also 
very desirable that the reservoir of spring-water in the ditch of the work 
should be covered over, as it is becoming filled with a vegetable growth— 
probably a species of bacteria —which may ultimately render the water 
unfit for use. As this plant requires light for its generation and growtb > 
it would doubtless disappear if the reservoir were covered. 

No appropriatioD was made for the fiscal year ending Jane 30,1878. 

Appropriation asked for next fiscal year.$9, 000 00 
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Fort on rite of Fort Tompkins, New York Harbor, in charge of Lieut 
Col Q. A . Gillmore , Corps of Engineers .—This work crowns the hill in 
rear of Fort Wadsworth and the open batteries on Staten Island, and 
is designed to accommodate the garrisons and act as a keep for those 
works. When completed it will be able to throw a heavy fire from 
a commanding position npon vessels attempting to pass through the 
Narrows. 

It has been in readiness to receive its armament for some years. For 
want of funds, the operations during the past fiscal year have been 
restricted, with the exceptions noted below, to repairs of the earth¬ 
work and roads, to cutting the grass on the slopes, keeping a supply of 
water in the distributing-reservoir located on the glacis, and other 
necessary repairs and improvement of the work of a small kind. 

Some portions of the long slope leading down to Fort Wadsworth 
have been regraded and sodded. 

No operations can be carried on during the present fiscal year for 
want of funds. Attention has been called in former reports to the bad 
condition of the large slope in front of the channel-face of this work, 
and an appropriation for completing it is again earnestly recommended. 

The estimates for completing this work, the glacis gun-battery, and 
tbe North Cliff and South Clift' batteries, contemplate the following 
work not previously estimated for, viz: Constructing and layiug 21 
stone platforms in place of the timber platforms now in position; lining 
with wood 14 principal magazines never yet lined; providing bonnets 
and the necessary wing-walls for the traverses on tbe channel-front of 
Fort Tompkins and in the North Cliff battery; building rough sea-walls 
at the foot of the exterior slopes of both the North Cliff and South Cliff 
batteries to protect them from wash, and thickening the parapets of 
these batteries. It has also been found necessary to increase the esti¬ 
mate for grading the long slope in front of Fort Tompkins, to provide 
for the damage caused by exposure and delay. 

Amount (estimated) required for completing Fort Tompkins, the 
glacis gun-battery, and the North Cliff and South Cliff batteries, 
$170,000. 

No appropriation was made for the fiscal year ending June 30, 1878. 

Appropriation asked for next fiscal year to continue the work, the glacis gun- 

battery, and the North Cliff and South Cliff* batteries. $75,000 00 

Glacis Gun-Battery , (north of fort on site of Fort Tompkins ,) Staten 
Island, New York Harbor, in charge of Lieut Col . Q. A . Gillmore, Corps 
of Engineers .—This battery has beeu in readiness to receive its arma¬ 
ment for the last four years. Some little work yet remains to be done 
to the magazine-doors and lamp-closets. No work was done during the 
last fiscal year except to cut the grass from tbe slopes, and repair miuor 
damages to tbe same. 

The cost of substituting' stone for timber platforms, amounting to 
about $9,000, is included in*tbe estimate for Fort Tompkins. 

No separate appropriation asked for this work. 

Glacis Mortar-Battery, (south of fort on site of Fort Tompkins,) Staten 
Island, New York Harbor, in charge of Lieut Col . Q. A . Gillmore, Corps 
of Engineers .—This battery and its armament are ready for service. 
Daring the past fiscal year portions of the slopes damaged by heavy 
rains have been repaired and resodded. A little work yet remains to 
be done upon the lamp-closets, and the principal magazine requires to 
be faired off. 

No appropriation asked for next fiscal year. 
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Battery Hudson, Staten Island, New York Harbor, m charge of Lieut 
Col. Q. A. Qilhnore, Corps of Engineers. —This work and the North Cliff 
and South Cliff batteries occupy the slope between Fort Tompkins and 
the water, and are able to bring a powerful fire upon the channel lead¬ 
ing up to and through the Narrows. 

During the last fiscal year the outer traverse-rails have been laid on 
permanent platforms, Nos. 2 aud 3, ou the eastern face of the. battery, 
and the parapets on this, as well as on the southern face, have been 
strengthened and repaired. In the extension of the battery the earth¬ 
work of the parapet has been roughly formed. The outer iron traverse- 
rails have been laid on the five 15-ineh-gun timber platforms in the ex¬ 
tension. All the earthen slopes have been kept well dressed and in a 
tolerably good state of preservation. There has been no change in the 
armament during the year. 

No appropriation was made for the fiscal year ending June 30, 1878. 

Appropriation asked for next fiscal year.... $24,000 00 

South Mortar-Battery , {in rear of Battery Hudson extension,) Staten 
Island , New York Harbor, in charge of Lieut. Col. Q. A . Oillmore, Corps 
of Engineers. —The work necessary for the completion of this battery 
consists in constructing and laying eight timber mortar-platforms upon 
concrete foundations, now in place, in fitting up the inner magazine- 
doors and two lamp-closets. No platforms are finished. 

No appropriation was made for the fiscal year ending June 30,1878. 

Appropriation asked for next fiscal year. $9,000 00 


North Cliff Battery, Staten Island, New York Harbor, in charge oj 
Lieut. Col . Q. A. Oillmore, Corps of Engineers. —No work beyond some 
necessary repairs was carried on at this battery during the past fiscal 
year for want of funds, and there has been no change in its armament. 

The cost of completing the battery, by substituting six stone gun- 
platfonns for those of timber, constructing six stone breast-height 
walls, two bonnets on the traverses, lining the two principal magaziues 
with timber, thickening the parapet, and constructing a rough sea-wall 
at the foot of the exterior slope, amounting in the aggregate to $34,700, 
is included in the estimate for fort on site of Fort Tompkins. 

No separate appropriation asked for next fiscal year. 


South Cliff Battery, Staten Island, New York Harbor, in charge of 
Lieut. Col. Q. A. Oillmore, Corps of Engineers .—With the exception of 
slight repairs no work was done in this battery during the past fiscal 
year for want of funds. There has been no change in the armament 
during the year. 

The cost of completing the battery in accordance with the approved, 
plan, including the thickening of the parapet, a rough sea-wall at the 
foot of the exterior slope, and wooden liniugs in the principal maga¬ 
zines, amounting in the whole to $37,100, is included in the estimate for 
fort on site of Fort Tompkins. 

No separate appropriation is asked for next fiscal year. 


Fort at Sandy Hook, New Jersey, in charge of Lieut. Col. John Newton, 
Corps of Engineers, until April 21, 1877; since that date in charge of 
Oapt. James Mercwr, Corps of Engineers. —One of the great objects of this 
work is to prevent the occupation of the lower bay as an anchorage by 
an enemy’s fleets. 

No work was done during the past year, except slight repairs to the 
jetties. 

No appropriation was made for the fiscal year ending Jnoe 36, 1878. 

No appropriation asked for next fiscal year. 
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Fort Mifflin, Delaware River , Pennsylvania, in charge of Lieut. Col. J. 
D. Kurtz, Corps of Engineers, —This fort constitutes one of the inner line, 
of works for the defense of Philadelphia and the naval establishment at 
League Island* 

Except making minor requisite repairs to the front dike and wall near 
main sluice during the past year, the condition of the work remains the 
swe as at the close of the previous fiscal year. No appropriation hav¬ 
ing been made for the present fiscal year, the work will continue in care 
of a fort-keeper* 

. Daring the next fiscal year it is proposed to construct the torpedo 
casemate-gallery, complete the exterior battery, construct battery north 
face of demilune, construct battery on south face main work, com¬ 
mence construction of storage-magazine exterior battery, and make nec¬ 
essary repairs to dikes, roads, &c. 

No appropriation was made for the fiscal year ending Jane 30,1878. 

Appropriation asked for next fiscal year. $75,000 00 

Mortar-Battery at Fort Mifflin, Delaware River , Pennsylvania, in charge 
ef LieuL OoL J. D . Kurtz, Corps of Engineers .—No work has been done 
at this battery during the past year for the want of foods, and none is 
proposed for the present fiscal year for the same reason. 

No appropriation was made for the fiscal year ending Jane 30, 1878. 

Ho appropriation asked for next fiscal year. 

Site for the defenses at Red Bank , Few Jersey , in charge of Lieut. Col. 
J. D. Kurtx, Corps of Engineers. —This site is upon the New Jersey side 
of the Delaware River, nearly opposite Fort Mifflin, and is in care of a 
property-keeper. 

Daring the past year material repairs have been made to the dike along 
the south boundary; the buildings and fences have received slight re¬ 
pairs. It is proposed, during the present year, to place additional rock 
revetment along the river-slope of the dike, make needed repairs to 
the buildings and fences, and exercise the usual care over the site and 
other public property. 

No appropriation has yet been made for a battery on this site. 

No appropriation asked for next fiscal year. 

Fort Delaware^ Delaware River, Delaware , in charge of Lieut. Col. J. D. 
Kurtz , Corps of Engineers.~-Th\s work, situated on the Pea Patch Island, 
forms one of the chain of works constituting the outer line of defense 
for the Delaware River. 

Thedamages to the southern wharf and to the dike at the sonth end of 
the island, canned by the severe storm of September last, have been 
repaired. It has also been found necessary to repair, temporarily, what 
remains of the old work of the upper eastern wharf, in order to protect 
it and the unfinished stone masonry of the new superstructure, until 
work is resumed. The fort and grounds have been kept in as good 
order as the limited means would allow. 

The work proposed for the next fiscal year is to give increased pro¬ 
tection to the magazines, to construct torpedo casemate, to repair tide- 
gates of ditches, southern wharf, counterscarp, temporary buildiugs, and 
bridges, and to continue superstructure of eastern wharf. 

No appropriation was made for the fiscal year ending Jane 30,1878. 

Appropriation asked for next fiscal year.$75,000 00 

Battery at FinrCs Point , Delaware River , New Jersey , in charge of Lieut. 
Cd.J. D. Kurtz , Corps of Engineers. —This is a powerful earthen bar¬ 
bette battery, and forms the left of the outer line of defenses across the 
month of the Delaware River. 
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During the year two partly constructed stone gun-platforms have been 
completed; repairs to the sea-wall below the wharf have been finished, 
and a jetty has been thrown out from its southern extremity; some 
additional protection has been given to the sea-wall in front and south 
of the mortar battery; a small portion of breast-height wall has beeu 
repointed, aud the sodded slopes of tbe battery have been kept in order. 

The work proposed for next fiscal year is to construct six stone gun- 
platforms and the breast-height wall iu front; to build three magazines 
with their covering-traverses, and to complete the traverse of the maga¬ 
zine last finished; to build the passage-way from wharf through the bat¬ 
tery, and. to continue the embankment of the battery and construction 
of sea-wall. 

No appropriation was made for the fiscal year ending June 30, 1878. 

Appropriation asked for next fiscal year. $50,000 00 

Mortar Battery at Finn’s Point , Delaware River, New Jersey , in charge 
of Lieut. Colonel J . D. Kurtz , Corps of Engineers. —No operations were 
carried on at this work during tbe past year for want of funds, and none 
are contemplated for the present year. Its condition remains the same 
as at the date of the last annual report. 

No appropriation was made for the fiscal year ending Jane 30,1878. 

No appropriation asked for next fiscal year. 


Fort opposite Fort Delaware , Delaware shore , in charge of Lieut. Col . 
J. D. Kurtz,Corps of Engineers .—A strong earthen barbette-battery, form¬ 
ing the right of the outer line of defenses for the Delaware River. 

Operations at this work, beyond tbe care and preservation of public 
property, have been of little importance. The preparation of stone for 
the two gun-platforms, commenced last year, has been completed, and 
the two pintle-stones have been set. Some repairs have been made to 
the dike on the river front. 

During the next fiscal year, if funds are provided, it is proposed to 
construct six gun-platforms with the breast-height wall in front, and to 
finish the two already commenced ; to build three magazines with their 
covering-traverses; to complete torpedo-cable gallery, aud to continue 
the embankment of the gallery. 

No appropriation was made for the fiscal year ending Jane 30, 1878. 

Appropriation asked for next fiscal year...$75,000 00 

Mortar Battery near Delaware City , Del., in charge of Lieut. Col. J. D . 
Kurtz , Corps of Engineers.— The two unfinished magazines of this work 
have been completed; the covering-traverses have been embanked to 
nearly their full height, and the parapet in front has been raised to 9 
feet above the terre-plein. During tbe next fiscal year it is proposed, if 
funds are provided, to finish this work by constructing the magazine on 
the right, completing the parapet and traverses, and laying platforms 
for six mortars. 

No appropriation was made for the fiscal year ending Jnne 30,1878. 

No appropriation asked for next fiscal year. 


Fort McHenry , Baltimore Harbor , Maryland , in charge of Maj. William 
P. Craighill , Corps of Engineers. —This fort forms part of tbe inner line 
of defeuse for Baltimore and its dependent interests, and commands 
with its fire the iuterior waters of the harbor and the channel of ap¬ 
proach thereto, in which latter a depth of 24 feet exists at mean low 
water. 

The importance of this site has been set forth in previous annual 
reports. While the old fort (proper) has become almost useless as a 
defensive work, the water-front should still be occupied by a battery of 
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heavy guns mounted behiud a sand parapet of the most approved 
model, and provided with boom-proof cover for ammunition and gun¬ 
ners. Such a battery is in course of construction. The couditiou in 
which this battery stood June 30, 1876, is given in the last annual 
report 

At the end of June, 1876, the appropriation of $10,000 which was 
made February 10,1875, was very nearly exhausted; so nearly, that on 
the 8th of July, 1876, all work upon the exterior battery was suspended 
for want of funds, and the store houses and other public property were 
placed in charge of a watchman. 

The few days at the beginning of the fiscal year were devoted to the 
regrading of the terre-plein, and the placing of soil upon the slopes in 
rear of the battery to secure a growth of grass. 

There being no appropriation for the fiscal year ending June 30,1877, 
operations otherwise have been confined to some slight repairs to the 
slopes of the new battery and the fence in its rear, and to more exten¬ 
sive repairs to the wharf and the sea-wall about the site, which were 
badly damaged by the severe storm of the 17th and 18th of September, 
1876. One hundred aud twenty linear feet of the superstructure of the 
wharf at the shore end were carried away, leaving the piles aud the 
head of the wharf intact. This superstructure was replaced during the 
month of October. 

The sea-wall about the site was badly shaken up, especially on the 
most exposed (south; face. Repairs as extensive as fuuds would allow 
were made upon the wall during October aud November, 1876. 

At the close of November all the portable property pertaining to the 
work was moved to and stored at Fort Carroll, and the services of a 
watchman have since been dispensed with. 

The sum of $50,000 is asked for the next fiscal year, which would 
nearly complete the parapet and terre-plein, including the magazines, 
but not the gun-platforms, which it is not deemed expedient to put down 
until after the embankments become well consolidated, on account of 
the unstable nature of the subsoil. 

No Appropriation was made for the fiscal year ending Jane 30, 1878. 

Appropriation asked for next fiscal year. $50,000 00 

Fort Carroll , Baltimore Harbor , Maryland , in charge of Maj. William 
P. Craighill , Corps of Engineers .—This fort is situated upon an exterior 
line of defense for the harbor of Baltimore. It is a casemated work, 
but nothing has been done in the past year in carrying out the project 
for its completion, which contemplated the provision tor three tiers of 
guns in casemates aud one in barbette. This delay is due to the fact 
that the best method of arranging such defenses, consistent with a due 
regard to economy, has not yet been determined. 

During the past year uotbiug has been done but what was necessary 
for preservation and care of property. This work consisted of repairs 
to fences and temporary wooden roofs over the masonry, which were 
damaged by high winds and heavy seas. The severe storm of Septem¬ 
ber 17-18 entirely broke up the wooden cover in front of the 15-inch gun 
at the southwest salient, the high fence at the open (south) face was 
moved bodily inward, aud about 20 linear feet of roofing destroyed. 
These damages were all repaired during the month of September. Sub¬ 
sequent storms haviug occasionally caused damage calling for frequent 
repairs, particularly to the roofs, it was determined to repair the latter 
thoroughly, putting in new ratters to replace the old ones which had 
become decayed. This was all accomplished during the month of June, 
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1877. There has been no change in the armament since the last annual 
report. 

No appropriation was made for the fiscal year ending Jane 30,1878. 

No appropriation asked for next fiscal year. 

Obstructions of the Potomac , in charge of Maj . William P. Craighill, 
Corps of Engineers .—The material pertaining to these floating obstruc¬ 
tions has con tinned in store at Fort Foote, iu charge of a watchman. 
The timber portion of it has decayed very much, and is rapidly deterio¬ 
rating in value. 

An inspection of the building in which these obstructions are stored 
was made in October, 1876. It disclosed the necessity of repairing the 
pile foundation on which the building rests, and the repairs were at once 
made. The piles were thoroughly braced, and crib-work was substituted 
in the place of two piles which were entirely gone. 

Fort Footed Potomac River , Maryland , in charge of Maj. William P. 
Craighill, Corps of Engineers .—This work is on the inner line of defense 
of the channel of approach by water to Alexandria, Washington, and 
Georgetown. The site is high, commanding, and unusually favorable. 

During the past fiscal year, for want of funds, nothing was attempted 
except some repairs of a limited extent. In October last the boundary 
lines of the site were run, and the corners marked with stone monu¬ 
ments with the letters U. S. inscribed thereon. 

In June, 1877, two of the new front pintle 15-inch gun-platforms were 
provided with traverse-circles, and a temporary wooden breast-height) 
built iu front of them. 

Attention is again urgently invited to the fact that the unfinished 
condition of this fort must render it liable to certain injury and deterio¬ 
ration, and to care for the work already done the modification of the 
main fort should be completed as soon as possible. Appropriation for 
this purpose is important. 

No appropriation was mode for the fiscal year ending June 30,1878. 

Appropriation asked for next fiscal year. $50, 000 00 

Fort Washington, Potomac River , Maryland , in charge of Maj f. William 
P. Craighill, Corps of Engineers .—This fort occupies a very important 
position on the outer line of defense of the cities of Alexandria, Wash¬ 
ington, and Georgetown, and their dependent interests. The site is an 
excellent one, but the line requires strengthening by the introduction of 
guns of the heaviest caliber, for which the old fort was not suited. 

There having been no specific appropriation for this work, operations 
during the past fiscal year have been confined to the general care and 
preservation of the property; to repairs of a limited extent to the 
wharf, to the bridge at main sally-port, and to the fences on and about 
the site, and to running out and marking the boundary-lines of the ter¬ 
ritory purchased and added to the site by the United States iu 1875. 

At the beginning of the fiscal year repairs upon the wharf were in 
progress. These repairs were completed in July, 1876. 

Eighty linear feet of the crib-work on the south side of the wharf 
were replaced, and four new fender-piles were driven at the head of the 
wharf. The bridge at the main sally-port was strengthened in March 
last by putting in new stringers and planks. 

During March and April last the fences along the road through the 
new purchase, as well as along the adjacent farms, were put in good con¬ 
dition. 

In November, 1876, the boundary-lines of the new purchase were run. 
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and the corners marked with stone monuments with the letters U. S. in¬ 
scribed thereon. 

A Tevised project of defense for the site has been prepared and is now 
being considered the Board of Engineers for Fortifications. While 
this is unfinished, no estimate for the completion of the work can be 
made. 

Attention is again pi*essingly invited to the need of the appropriation 
asked for this fort. The portion of the work begun should be finished. 
It is daily suffering serious injury and deterioration, owing to its incom¬ 
plete state. Xo change in armameut since last annual report. 

Xo appropriation was made for the fiscal yeareuding June 30, 1878. 

Appropriation asked for next fiscal year.$30,000 00 

Fort Monroe, Old Point Comfort , Virginia, temporarily in charge of 
Lieut. Col. Q. A. (Fillmore , Corps of Engineers. —This exteusive work oc¬ 
cupies an important position, covering the approach to Hampton Roads, 
the navy-yard at Portsmouth, and the James River. 

Daring the past fiscal year, for want of funds, no work was done ex¬ 
cept what was necessary for the preservation of the work and the pub¬ 
lic property. The breakwater damaged by the storm in April last has 
been repaired, and backed with sand and rubble-stones for its entire 
length, (606 feet.) 

The changes in the armament of the work comprise the dismounting 
of IDinch Rodman guns from platforms 87, 88, 89, and 93, and 100- 
poander Parrott rifles from platforms 91, 92, and 94, aud the mounting 
of 8-inch converted rifle-guns on platforms 91, 92, 93, and 94, and 100- 
ponnder Parrott rifles on platforms 87, 88, aud 89. An iucrease of 
$5,000 in the amount previously estimated for completing the work will 
be required for placing bonnets on the traverses and increasing the 
length of breast-height walls in the redoubt and place of arms. 

Xo appropriation was made for the fiscal year ending June 30, 187$. 

Appropriation asked for next fiscal year.$75,000 00 

Artesian well at Fort Monroe, Virginia , temporarily in charge of Lieut. 
Col. Q. A. Gillmore , Corps of Egineers .—Xo work was done during the 
last fiscal year, and none is contemplated during the present fiscal year 
for want of funds. The inadequate and uncertain supply of water at 
Fort Monroe is an evil which, it is conceded ou ail sides, may at any 
time arise to serious magnitude. The present depth of the well is about 
900 feet. It is recommended that provision be made to increase this 
depth to 1,200, or even to 1,300 feet, before abandoning the project of 
obtaining a water-supply by this method. 

Xo Appropriation was made for the fiscal year ending June 30, 1878. 

Appropriation asked for next fiscal year.$10,000 00 

Fort Wool , Hampton Roads, Virginia, temporarily in charge of Lieut. 
Col. Q. A. Gillmore, Corps of Engineers. —This casemated fortification 
unites <rith Fort Monroe in closing the passage to Hampton Roads, 
crossing its fire with the guns of that fort. 

Until approved projects for its completion are devised no farther work 
is contemplated than is necessary to preserve it from injury. Fifty-two 
iron-throated casemates of the first tier are ready for guns, and in an 
emergency several 15-inch guns could be advantageously and promptly 
monuted in barbette. 


Xo appropriation was made for the fiscal year ending June 30, 1878. 

Xo appropriation asked for next fiscal year. 

Fort Macon, Beaufort Harbor, North Carolina, in charge of Lieut. Col. 

Q. A. Gillmore, Corps of Engineers. —This work is situated at the mouth 
of the harbor and defends the principal entrance thereto. 
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The subject of the modification of this work is still under considera¬ 
tion. 

During the past fiscal year monthly measurements have been made of 
the position of the shore-line in the vicinity of the wharf. 

No material change has occurred on this side of the beach. Serious 
encroachments were made on the shore-line of the south side during a 
storm on the 17th September, 1876, the four spur jetties having been 
laid bare and the sand-hills in rear of them along the beach having been 
washed away. Under the action of the jetties the shore-liue is making 
out to its former position. 

No appropriation was made for the fiscal year ending Jnue 30,1378. 

No appropriation asked for next fiscal year. 

Fort Caswell, mouth of Cape Fear River , Norik Carolina , in charge of 
Lieut. Col. Q. A. (Ullmore, Corps of Engineer s. —The subject of the modi¬ 
fication of this work is still under consideration. 

Its location is advantageous for the protection of one of the entrances 
to Cape Fear River, and therefore oue of the approaches to the city of 
Wilmington. 

There is neither armament nor garrison, nor quarters for a garrison, 
at the place. 

No appropriation was made for the fiscal year ending June 30, 1878.' 

No appropriation asked for next fiscal year. 

Fort Moultrie, Charleston Harbor, South Carolina, in charge of Lieut 
Col. Q. A. Qillmore , Corps of Engineers. —This work is situated on Sulli¬ 
van Island, and defends the principal entrance to the harbor of Charles¬ 
ton. 

No work was done during the last fiscal year, except for the general 
preservation and repair of the work. Eight platforms, one permanent 
and seven timber, are in readiness for, but not occupied by, heavy guns. 
Four mortars are mounted in rear of the fort. The laying of the two 
timber platforms now on hand, in place of those now occupied by light 
guns, will complete the preparations for arming this work. 

Estimated cost of completing the work, (including bonnets ou the 
traverses, a soldiers’ latrine, and draining the parade, not embraced in 
former estimate,) $89,000. 

No appropriation was made for the fiscal year ending June 30,1878. 

Appropriation asked for next fiscal year.$50,000 00 

Fort Sumter , Charleston Harbor , South Carolina, in charge of Lieut. Col. 
Q. A. Qillmore , Corps of Engineers. —This work is located on a shoal near 
the mouth of the harbor ou the south side, and its guns, crossing their 
tire with those of Fort Moultrie, command the principal channel of en¬ 
trance thereto. 

No operations were carried on at this work during the past fiscal 
year, except the storing of the timbers of platforms 9 and 10, the repair¬ 
ing of damage to slopes, caused by the severe storm of April 13, 1877, 
and the erection of a small breakwater on the old wharf opposite gorge 
front. One timber and three permanent platforms for heavy guns are 
ready, but not occupied. The replacing of the two platforms 9 and 10, 
now occupied by light guns, by heavy timber platforms, would make the 
work ready for its armament. The eleven casemates on northeast front 
are armed. The eight casemates on northwest front are now ready for 
their guns, except traverse circles. To the estimates for completing 
this work given in the last annual report there should be added the cost 
of puttiug bonnets on the traverses, arranging a room for torpedo 
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defense, and repairing and extending the existiug wharf. With these 
additions the estimated cost of completing the work is $82,000. 

No appropriation was made for the fiscal year ending Jane 30, 1878. 

Appropriation asked for next fiscal year.$50,000 00 

Fort Johnson, Charleston Harbor, South Carolina, in charge of Lieut 
Col Q. A. Gillmore, Corps of Engineers .—This fort, situated on James 
Island, is one of the works in the system of defense of Charleston 
Harbor. 

Ho operations were carried on at this work daring the past fiscal year. 
The approved project for reconstructing this old work contemplates 
making of it a battery for eight pieces of heavy ordnance, four mortars, 
and four gang. Its commencement and completion daring the next 
fiscal year is recommended. Four 13-inch mortar platforms are on hand, 
ready to be laid. 

No appropriation was made for the fiscal year ending Jane 30,1878. 

Appropriation asked for next fiscal year.$10,000 00 

Castle Pinckney, Charleston Harbor, South Carolina, in charge of Lieut. 
Col Q. A . Gillmore , Corps of Engineers .—This work, situated on an 
island near the city of Charleston, is one of the works in the system of 
defense of the harbor. 

No operations were carried on at this work daring the past fiscal year. 
An appropriation is required to adapt it to the reception of 10-inch 
smooth-bore guns or corresponding rifles, to be mounted in barbette. 

No appropriation was made for the fiscal year ending Jane 30, 1878. 

No appropriation asked for next fiscal year. 

Fort Jackson , Savannah River , Georgia, in charge of Lieut Col. Q. A. 
Gillmore, Corps of Engineers. —This work, situated about four miles from 
the city of Savannah, forms the inner line of defense for that city. 

No operations were carried on daring the past fiscal year. Five guns 
are in position, but- they are not of the calibers contemplated in the 
approved project, and cannot be efficiently served without a completion 
of the work. Estimated cost of completing the work, including repairs 
to wharf, $10,000. 

No appropriation was made for the fiscal year ending June 30, 1878. 

Appropriation asked for next fiscal year...$10,000 00 

Fort Pulaski , mouth of Savannah River, Georgia, in charge of Lieut Col. 
Q. A. Gillmore , Corps of Engineers. —This is the principal work for the 
defense of Savannah on the outer line of the system. 

No operations were carried on at this work during the last fiscal year, 
except the cleaning out of the drains in the vicinity of the fort ana 
catting the grass from the slopes. Five timber platforms are now in 
readiness for, but not occupied by, heavy guns in the demilune. 

Estimated cost of completing the work, including bonnets on the 
traverses, permanent platforms, and soldiers 7 latrine, $256,000. 

No appropriation was made for the fiscal year ending June 30,1878. 

Appropriation asked for next fiscal year.$75,000 00 

Few Fort on Tybee Island , mouth of Savannah River, Georgia, in charge 
of Lieut Col. Q.A . Gillmore, Corps of Engineers. —Plans for the defensive 
works to be constructed on the north point of Tybee Island have been 
completed, and it is proposed to commence their construction whenever 
funds are available. 

No appropriation for the work has yet been male. 

No appropriation asked for next fiscal year. 
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Fort Clinch, Amelia Island, Florida, in charge of Lieut Col. Q. A. Gill- 
more, Corps of Engineers. —This work defends the entrance into Cumber¬ 
land Sound, and is in an unfinished condition. 

The slate roof of the brick barracks inside the fort was repaired during 
the past fiscal year. No other operations have been carried on during 
the year, the project for the modification of the work being still under 
consideration. 

No appropriation was made for the fiscal year ending June 30,1878. 

No appropriation asked for next fiscal year. 

Fort Marion , Saint Augustine, Florida , in charge of Lieut . Col. Q. A. 
Gillmore , Corps of Engineers. —This work defends the harbor and city of 
Saint Augustine. 

During the past fiscal year the only work done was to repair the tem¬ 
porary roof erected over the terre-plein of the north front, for the accom¬ 
modation of Indian prisoners. 

Fort Marion was built by the Spaniards, and was called by them Fort 
Saint Mark. It was essentially completed in the year 1756, its process 
of construction having extended through a period of more than oue 
hundred years. It is built of coquina—a natural shell-concrete found 
in the vicinity. No money has been expended by the United States for 
the maintenance of the work, or in arresting the progress of ordinary 
deterioration and decay, for the reason, doubtless, that the water- 
battery, constructed in 1S42-M3, will, if suitably armed, furnislra suffi¬ 
cient defense for this locality. 

No appropriation is asked for this work. 

Fort Taylor and batteries, Key West, Florida, in charge of Maj. Jared 
A. Smith , Corps of Engineers, until December 16, 1876; since that date in 
< charge of Capt. W. R. Heuer, Corps of Engineers .—This work is for the 
defense of the important harbor of Key West. 

During the past fiscal year operations were restricted to caring for 
the public property and buildings, and repairing such damages as were 
caused by the hurricane of October, 1876. 

No appropriation was made for the fiscal year ending June 30, 1878. 

Appropriation asked for next fiscal year. $75,000 00 

Fort Jefferson , Garden Key, Tortugas , Florida, in charge of Maj. Jared 
A. Smith, Corps of Engineers, until December 16, 1876; since that date in 
* charge of Capt. W. H. Reuer, Corps of Engineers. —The guns of this work 
perfectly command the admirable harbor lying iu the heart of this group 
of keys. 

During the past fiscal year the expenditure of money has been cou- 
fined to the care of public property and buildings. 

No appropriation was made for the fiscal year ending June 30,1878. 

Appropriation asked for next fiscal year.$25,000 00 

Fort Pickens, Pensacola Harbor, Florida, in charge of Capt. A . N. Dam’ 
veil, Corps of Engineers. —This work, with Fort Barrancas and the pro¬ 
posed new batteries near the site of Fort McKee, constitute the defenses 
to the town and harbor of Pensacola, aud to the navy-yard at Warring¬ 
ton. 

Daring the past year, the modifications on bastion D were completed, 
and some repairs made to terre-pleiu, stairs, berrnes, and water con¬ 
ductors, when work under special appropriation was suspended. Oper¬ 
ations daring the present fiscal year will be confined to ordinary repairs, 
and care and preservation of the public property. 

No appropriation was made for the fiscal year ending June 30, 1878. 

Appropriation asked for next fiscal year. $75,000 00 
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Fort Barrancas and redoubt Pensacola Harbor, Florida, in charge of 
Capt. A . X. Damrell, Corps of Engineers. —No changes have been made 
in this work daring the last fiscal year, operations having been restricted 
to those necessary for the proper care and preservation of the property. 
No operations ace proposed for next fiscal year. 

No appropriation was made for the fiscal year ending Jane 30,1878. 

No appropriation asked for next fiscal year. 

4 

Fort McBee, Pensacola Harbor, Florida, in charge of CapU A. N. Dam- 
rell. Corps of Engineers .—The condition of this work is about the same 
as at the date of the last annual report. 

If any appropriation is made for the fiscal year ending Jane 30, 18.79* 
it is proposed to expend it in the prosecution of work on the batteries 
proposed by the Board of Engineers for Fortifications, June 6, 1874. 

No appropriation was made for the fiscal year ending Jane 30,1878. 

Appropriation asked for next fiscal year to continue the battery.$50,000 00 

Fort Morgan, eastern entrance to Mobile Bay, Alabama, in charge of 
Capt A . N . Damrell, Corps of Engineers .—This work, with Fort Gaines 
ou the western side of the entrance, forms the outer liue of defense to 
the harbor and city of Mobile. 

The amount allotted this work from the appropriation for preservation 
and repair of fortifications was expended on the slopes, tecre-plein, main 
draio, and minor repairs of the fort. 

Thesum of $27,000 having been allotted from the appropriation for 
contingencies of fortifications for the extension of the sea-wall to pre¬ 
vent further destruction of the site of the fort, preparations for the 
prosecution of this work were at once made, aud in May, 1877, the con¬ 
struction of the coffer-dam, for 750 feet of wall, was commenced. All 
the main piles are driven, capping aud stringers bolted on, and 450 feet 
of sheet-piling set in place. 

It is contemplated to complete the construction of the sea-wall during 
the present working seasou, and make ordinary repairs to the fort, and 
take proper care of public property during the fiscal year. 

No appropriation was made for the fiscal year endiug Jane 30,1878, 

Appropriation ashed for next fiscal year.$75,000 00 

Fort Gaines* Dauphin Island , Mobile Bay, Alabama, in charge of Capt. 
A. X. Damrell, Corps of Engineers. —Operations during the year were, 
confined to general repairs to fort-keeper’s aud ordnance sergeant’s 
quarters, and to the construction of brash-apron aud jetty, to prevent 
the further waatiug of the beach, and consequent undermining of the 
office-building. 

No appropriation was made for the fiscal year ending Jane 30,1878. 

Appropriation asked for next fiscal year. $50,000 00 

Fort on Ship Island, coast of Mississippi, in charge of Capt. A. X. Dam¬ 
rell, Corps of Engineers. —This work affords shelter to light-draught ves¬ 
sels moving in Mississippi Sound. 

During the past year such small repairs as were most pressingly 
needed were made upon the work, store-rooms, and quarters. 

No appropriation was made for the fiscal year ending Jane 30,1878. 

No appropriation asked for next fiscal year. 


Fort Pike, Rigolets Pass, Louisiana, in charge of Capt. C. W. Howell, 
Corps of Engineers. —This work commands the passage by vessels draw¬ 
ing 7 feet or less, through the Bigolets into Lake Pontchartrain, and to 
the wharves on the lake front of New Orleans. Projects for its modi¬ 
fication, in accordance with the approved system, were approved in 1870, 
and detailed estimates of the cost of the proposed modifications made. 
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During the past fiscal year operations have been confined to neces¬ 
sary repairs for the preservation of the work. 

No appropriation was made forfthe fiscal year ending Jane 30,1878. 

No appropriation asked for next fiscal year. 

Fort Macomb , Chef Menteur Pass, Louisiana , in charge of Capt. C. If. 
Howell, Corps of Engineers .—This work commands the passage by ves¬ 
sels drawing feet or less, through the B^you Chef Menteur, into Lake 
Pontchartrain, and the road along Gentilly Ridge, to the city of New 
Orleans. 

During the past fiscal year operations have been limited to repairs 
necessary for the preservation of the work. 

No appropriation was made for the fiscal year ending June 30, 1878. 

No appropriation asked for next fiscal year. 

Tower Dupres, Lake Borgne , Louisiana , in charge of Capt C. W. Howell , 
Corps of Engineers .—This old work is situated at the entrance of Bayou 
Dupr4s into Lake Borgne. 

During the year work was confined to such slight repairs to the tower 
as were necessary for its preservation. 

No appropriation was made for the fiscal year ending June 30, 1878. 

No appropriation asked for next fiscal year. 

Battery Bienvenue , Lake Borgne , Louisiana , in charge of Capt. C. ir. 
Howell , Corps of Engineers. —This battery is situated at the junction of 
two branches of the Bayou Bienvenue, about three miles from its mouth. 

During the year operations were limited to the care and preservation 
of the work. 

This work has no armament; the parade is flooded by high tides and 
storms; what remains of the buildings will stand, it is thought, for years 
without material injury, and the cost of caring for the work seems greater 
than warranted by its present value. 

No appropriation was made for the fiscal year ending June 30, 1878. • 

No appropriation asked for next fiscal year. 

Tower at Proctorsville , Lake Borgne , Louisiana , in charge of Capt. C. 
W. Howell , Corps of Engineers .—No work was done during the past 
fiscal >ear beyond that required for care of the work. 

The work is unfinished, unarmed, and of obsolete construction. 

No appropriation was made for the fiscal year ending June 30, 1878. 

No appropriation asked*for next fiscal year. 

Fort Jackson , Mississippi River , Louisiana , in charge of Capt. C. TT. 
Howell , Corps of Engineers .—This work, and Fort Saint Philip, nearly 
opposite, are situated on the Mississippi River, about 65 miles below 
New Orleaus, and are the most important of those guarding the ap¬ 
proaches to New Orleans. 

Operations during the past fiscal year were confined to the care aud 
preservation of the work. 

No appropriation was made for tbe fiscal year endiug June 30,1878. 

Appropriation asked for next fiscal year. $*25.000 00 

Fort Saint Philip , Mississippi River , Louisiana , in charge of Capt . C. 
W. Howell , Corps of Engineers. —During the past fiscal year no work 
was performed beyond that necessary for the care aud preservatiou of 
the work. 

No appropriation was made for the fiscal year ending June 30, 1878. 

Appropriation asked for uext fiscal year. $25, OOO 00 


Fort Livingston , Barataria Bay , Louisiana , in charge of Capt C. If. 
Howell , Caps of Engineers .—This barbette work is situated on the west- 
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era end of Grand Terre Island, at the entrance to Barataria Bay. It 
guards the only approach to New Orleans by vessels drawing 7 feet or 
less, available on the west side of the Mississippi River. It also secures 
a safe anchorage and harbor of refuge for our light-draught coasters in 
time of war. 

Operations during the past fiscal year were confined to the care and 
preservation of the work. 

No appropriation was made for the fiscal year ending June 30, 1876. 

No appropriation asked for next fiscal year. 

Fort at Fort Point , entrance to San Francisco Harbor , California, in 
charge of Lieut. Col . C. S. 8teicart , Corps of Engineers. —This is one of the 
principal works for the defense of the entrance to the harbor of San 
Francisco, through the Golden Gate, the approaches to this entrance, 
and the inner waters of this passage. 

No operations have been carried on at this work during the past fiscal 
year, except for the proper care and preservation of the work and prop¬ 
erty. The barbette earthen batteries connected with the main work are 
much in the same condition they were at the date of the last annual 
report. To complete these batteries to receive their armament, it will 
require at least $100,000. There have been no chauges of armament 
♦luring the year. 

No appropriation was made for the fiscal year ending June 30, 1878. 

Appropriation asked for next fiscal year. § 100,000 00 

Fort at Lime Pointy San Francisco Harbor , California , in charge of 
Maj. George H. Mendell, Corps of Engineers. —This fort, with its detached 
earthen barbette works, at Point Cavallo, Lime Point Ridge, and Grav¬ 
elly Beach, constitute the defenses of the entrance to the harbor of Sau 
Francisco on the northern shore of the Golden Gate. 

No work has been done on these batteries daring the past year. The 
property hqp been under the charge of fort-keepers. The condition of 
the works is good. In order to complete these batteries, it will be 
necessary to build 22 gun-platforms and 7 breast-height walls. 

No appropriation was made for the fiscal year ending Jane 30, 1878. 

Appropriation asked for next fiscal year.§80,000 00 

Fort on Alcatraz Island , San Francisco Harbor , California , in charge 
of Maj. George H. Mendell , Corps of Engineers. —This work occupies a 
valuable position for the defense of the entrance to and the inner 
waters of the harbor of San Francisco, covering the whole of a rocky 
island, the shores of which rise abruptly from the water to a height 
sufficient to secure it from surprise. The fortifications have, from their 
ioceptiou, consisted chiefly of open barbette batteries for the heaviest 
guns. 

All the work accomplished during the past fiscal year wa9 done by 
the prisoners, from whom 3,027 days’ labor was secured. This labor 
was applied in great part to excavation of the parade at the southern 
end of the island, of which 5,363 cubic yards were taken out. Magazine 
P was covered with earth, it's floor asphalted, and the gutters in the 
passage-way concreted. The prisoners were withdrawn iu March. The 
works are 'in good condition. No changes have taken place in the 
armament daring the year, nor iu the number of platforms ready for 
service. 

No appropriation was made for the fiscal year ending June 30, 1878. 

Appropriation asked for next fiscal year... §50,000 00 


Batteries at Point San Josi , San Francisco Harbor . California , in 
charge of Lieut. Col.C . S.Steicart , Corps of Engineers .—These temporary 
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batteries are in an unserviceable condition. The timber platforms and 
revetments and timbers of the magazines ace rotten and to 

pieces. No work was done during the past fiscal} yeap, and nope is con¬ 
templated daring the present year, excepting repairs necessary for prac¬ 
tice-firing. 

Batteries on Angel Island , San Francisco Harbor , California , in charge 
of Lieut Cot C. 8. Steicart , Corps of Engineers. —These three temporary 
earth-works, constructed daring the late war, are essentially unservice¬ 
able. The platforms are decayed, and most of the carriages have been 
condemned. It is not intended to commence the construction of bat¬ 
teries of a permanent character projected to replace thetn until mofe 
advanced points of the exterior line of defense are fortified. 

Fort at SanDi^go, California , in charge of IJeut. Col. C. 8. Steicart, Corps 
of Engineers. —This work is situated on Ballast Point, near the mouth 
of the bay and harbor of San Biego, and cpmmands the channel ot 
entrance thereto. 

There having been no special appropriation for this work, it has dur¬ 
ing the fiscal year been cared for by a watchman. The property is in 
as good condition as can be expected under the circumstances. It is 
estimated that it will require at least $130,000 to complete the work. 

No appropriation was made for the fiscal year ending June 30, 1878. 

Appropriation asked for next fiscal year.$50,000 00 

Defenses at the mouth of the Columbia River , Oregon , in charge of Maj. 
John M. Wilson , Corps of Engineers. —The defenses consist of Foot Ste¬ 
vens, Point Adams, Oregon, on the south side, and Fort Oanby, Oape 
Hancock, Washington Territory, ou the north side of the entrance to the 
river. These works are earthen barbette batteries, and constitute the 
only defenses of the mouth of the Columbia River. 

Fort Canby. —The three batteries require extensive repairs; two of the 
service magazines are entirely in ruins, and the third needs repairs; the 
wooden revetments and platforms are rapidly decaying: the roads lead¬ 
ing to the batteries should be repaired. No work has been done during 
the past fiscal year for want of funds. 

Fort Stevens. —All the platforms, except that of the 15-inch gun, are 
badly decayed and should be renewed; the drainage of the ditch re¬ 
quires attention. During the past year the revetmept of the interior 
slope has been renewed wherever necessary, the old ruined! traverses 
removed, and minor repairs made to the work; the fort now presents a 
good appearance. 

In order to preserve the site of this work, upon which the sea, was 
rapidly encroaching, a revetment of stone and brush about one thousand 
feet long was constructed where the erosion was making the ipo^t prog¬ 
ress.; its success cannot be determined until the fell gales commence. 

Surveys have been made of Sand Island, Clatsop Spit, and the Swash 
Channel, and charts prepared. 

No appropriation was made lor the fiscal year ending. Jane 30, 1878, 

Appropriation asked for next fiscal year.. $30,000 00 


BOARDS OF ENGINEERS. 


The Board of Engineers for Fortifications , stationed in New York City, 
consisting of Col. J. G. Barnard, Col. Z. B. Tower, and Lieut. Col. BL G. 
Wright, and, for the time being, the officer in charge of the defeases 
under consideration, has, during the past fiscal year, been chiefly en- 
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gaged upon project of Beverly pennon for a counterpoise battery: upon 
question of practical benefits. expected to be realized from the labors of 
tbft bpa$d Appointed to test iron, steel, and other metals; upon question 
wb^thgif t^e erection of the proposed colossal statue of Liberty within 
ipiflj wod* ou Bedlpe’s Island, New Xork harbor, will seriously inter- 
fere with the defense of the position; upon design of Qerr Krupp for 
a morale pivoting gun; uppu Lieutenant Ruff’uers translation of paper 
on a Armored r f arrets f upon question of modification or amendment to 
“Bill to provide for the more thorough investigation, by a board of en¬ 
gineer officers, of accidents on railroads,” 

Daring the year the board has also prepared plans for the modifica¬ 
tion of Fort Clinch, Fernandina Harbor, Florida, with, estimates for 
same; has had under consideration the fortification of the entrance to 
Portland Harbor, Maine, by way of Hussey’s Sound; designing and pre¬ 
paring plans of batteries for the occupation of Cow Island, the north¬ 
east portion of Hog Island, also the northwest portion of the same 
island to cover the anchorage between the island and the main shore. 
These plans are well advanced- 

The board has also under investigation the modification of exterior 
batteries at Fort Washington, Maryland, plans of which are progressing 
well. 

The study of the question of the application of casemate-shields to 
Fort Schuyler, with a view to the eventual introduction of the largest 
possible gnus into these casemates, has occupied the attention of the 
board, as well as the study and investigation of the subject of redoubts 
or keeps for the defense of isolated batteries, of which so many have 
been designed, at positions too remote from forts to derive any protec¬ 
tion from them. 

The question of building a large storage magazine in Fort Delaware, 
and proposed methods of giving security to magazines already con¬ 
structed, are still uuder consideration. The defense of San Francisco 
Harbor by torpedoes is also uuder study. 

TOEPEDO DEFENSE. 

The report of the board upon the progress made in torpedo defense, 
in connection with which Maj. H. L. Abbot, in charge of the torpedo 
experiments, depot and school of instruction at Willets Point, is a mem¬ 
ber, is substantially as follows: 

TORPEDO TRIALS. 


The trials designed to develop the best system for thp torpedo defense 
qf the sen-coast of the United States have been continued at Willets 
Point daring the past year, use being made as heretofore of the engineer 
troops, for their instruction, and to avoid the expense of hired labor- 
following is a summary of the work done: 

Submerged rinp.-T-8ixty-iiiue shots have been fired in the submerged 
ring gnd the indications of the pressure-gauges carefully recorded, 
ljhese investigations were directed to determining— 

1. The effect of long storage upon dynamite supplied by the mgnufopt- 
oring companies. Samples received at different dates during the p$£t 
fore years were triad and found to possess identical strength with that 
njftwly made* Repeated freezing and thawing apparently had caused no 
deterioration. 

2. The influence of variation in strength of case upon work utilized. 
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As might be foreseen, there is a striking difference in this respect be¬ 
tween gunpowder and dynamite. With the former the time needed for 
complete combustion is sensible, and if the case gives way before the 
burning is complete, loss necessarily results. The latter detonates in¬ 
stantly, and consequently all work expended in rupturing the case is 
subtracted from that registered upon the gauges. A thiij rubber bag 
developed the maximum indications, and a stout wooden envelope the 
minimum. The latter was reduced to what resembled saw-dust. 

3. The effect of an air-chamber in the case, with dynamite. Within 
the usual limits of practice, and for a suitable head of water, no loss of 
power is indicated. 

4. The comparative strength, as compared with dynamite, of wet disk 
and wet granulated gun-cotton, and of Vulcan powder. For subaqueous 
explosions the former is decidedly the stronger. 

5. To ascertain if an instrumental correction is required for slight 
variations in the length of the hole leading to the head of the gauge-pin. 
None proved to be necessary within the limits of practice. 

6. The effect of successive shots upon the same lead cylinders. Some 
interesting results, not necessary to discuss here, were obtained. 

Torpedo target .—In continuation of former trials, a charge of 200 pounds 
of dynamite was exploded, by which the target was sent to the bottom 
much shattered in bolts and braces and badly cracked in some of the 
plates. The blow was not destructive, and repairs have been made in 
preparation for a final shot, which will be fired during the present 
summer. 

Torpedo materiel .—The experiments to test, practically, the strength 
and endurance of the service patterns of torpedo materiel have been 
continued. 

A cut-off box was left in position for six months, under a head of 80 
feet of water, without developing any tendency to leakage around the 
iusulated wires. 

The new model spherical torpedo, 32 inches in diameter, proves to be 
quite uninjured by the explosion of 100 pounds of dynamite at a hori¬ 
zontal distance of 59 feet; the submergence being 9 feet in 21 feet of 
water. 

For resisting the blows of passing vessels this model has shown satis¬ 
factory endurance; one being struck eleven times, five blows being by 
the largest class of sound steamers, before beginning to leak. 

The circuit regulator set as a closer is unaffected by the explosion of 
100 pounds of dynamite at a horizontal distance of 50 feet; but as a 
breaker it is more sensitive. This, however, is a matter of no practical 
importance, as the disconnector is a perfect protection against accidental 
explosions in such cases. 

Against long exposure to the corroding effects of sea-water and the 
influence of tidal currents and waves, the material seems to be well pro¬ 
portioned ; the only part showing weakness after a continuous trial of 
three years in the channel at Willets Poiut being the wire mooring rope, 
which it was necessary to replace in about eighteen months. 

Experiments with the electric light have been continued, and are still 
in progress. They have included a laborious series of battery measure¬ 
ments to determine the best pattern of voltaic cell for use "in service, 
should that generator of electricity be preferred. 

The multiple cable laid between Willets Point and Fort Schuyler has 
remained in working order, although severely strained by an anchor in 
November last. The repeated injuries of this nature which the cable 
has received have caused* a bad fault in one of the seven cores and 
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moderate leakage iu two of the others, all of which it is proposed to 
repair daring the summer. 

Major Abbot is now engaged in working out the details of a new 
variety of self-acting contact torpedo, which promises to possess impor¬ 
tant advantages. Although the employment of this class of torpedo 
will be much restricted by the necessity of providing for the safe passage 
of our own vessels, it is desirable to decide upon an approved pattern 
for use in possible contingencies, and for this reason the subject has 
received attention. 

Reduction of data .—A large collection of data has accumulated during 
the series of torpedo trials since the year 1869, which it is desirable to 
put in form for use. This work has necessarily been deferred partly 
becanse of the incomplete state of the investigations and partly because 
the more urgent demand for a torpedo manual has rendered it impossi¬ 
ble for Major Abbot to give the subject the necessary attention. 

Daring the past year, however, the Hell Gate current data have been 
analyzed sufficiently to justify the selection of suitable sizes of buoyant 
torpedoes to correspond with the tidal currents and depths observed in 
our different harbors. 

The torpedo manual will consist of three parts, of which the first and 
second are chiefly in type, while much progress has been made on the 
third. It is hoped that the fiual reduction of data will be begun during 
the coming year. 

RECOMMENDATIONS. 


The present condition of our preparations for defending the sea-coast 
with torpedoes is briefly as follows: The several important harbors 
have been carefully studied, and for most of them detailed plans have 
been prepared. Casemates for the reception of the cables in a manner 
to render them secure against bombardment, and to safely operate the 
system, have been projected and several of them constructed. Consid¬ 
erable supplies of apparatus* and of torpedo insulated cable are accumu¬ 
lated at the Willets Point depot ieady for service. The needful data 
for increasing these supplies in a judicious and economical manner haFe 
been obtained. The board therefore recommends: 


1. That special appropriations be asked for to prepare the necessary 
bomb-proof operating-rooms and cable-galleries for those forts not al¬ 
ready provided with them. 

2. That an appropriation of $100,000 be asked for to continue the 
purchase of torpedo materiel not easily to be obtained in haste, for the 
continuation of torpedo trials, and for the practical instruction of the 
engineer troops in the details of this service. 

3. That the authorized number of these troops (now only 200) be in¬ 
creased to 520 men, and a provision,inserted in the law requiring them 
to be thoroughly trained in the use of torpedoes for harbor defense. 
The number of engineer troops now authorized by law is 752, but the 
successive redactions of the Army have caused the limit of 200 men to 
be prescribed in existing orders. This number is outirely insufficient, 
and the board has again placed on record its opinion that though the 
system be perfect, and the supply of materiel ample, failure in time of 
war will be more thau probable unless this vitally important matter re¬ 
ceives attention in time of peace. Special and long-continued training 
is absolutely essential to efficiency in this new and exacting branch ot 
warfare. The duties of the engineer troops iu bridge buildiug and mili¬ 


tary mining on laud, and the higher degree of intelligence required as a 
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condition of their enlistment, render them specially fitted for the work 
of torpedo service; and it is believed that if the matter were properly 
understood any needful provisions would be made by Congress as a 
measure of true economy and necessity. 

The Board of Engineers for the Pacific coast during the past fiscal 
year has consisted of Lieut. Col. B. 8. Alexander, Lieut. Col. C. S. 
Stewart, Lieut. Col. R. S. Williamson, and Maj. George B. Mendel), 
with First Lieut. John H. Weeden recorder, until his death, January 
29, 1877, and First Lieut. A. H. Paysou recorder from March 20,1877, 
to date. 

During the past year the board has acted and reported upon exami¬ 
nation, projects, and estimates of cost for the improvement of the lower 
Willamette and Columbia rivers, Oregon ; examination and report 
upon the roadsteads of California and Oregon, between San Francisco 
and the mouth of the Columbia River, with a view to establishing a 
breakwater and harbor of refuge on this coast; making plans and esti¬ 
mates of the cost of the same ; consideration of the encroachments of 
the sea and of the Columbia River on the shore of Point Adams, Oregon, 
threatening the site of Fort Stevens ; aud consideration of the repairs 
of battery at Point San Jose, San Francisco Bay. 

BATTALION OF ENGINEERS AND ENGINEER DEPOTS. 

Battalion of Engineers , commanded by Maj . Henry L. Abbot , Corps of 

Engineers , headquarters Willets Point , eastern entrance to Yew York 

Harbor . 

The strength of the Battalion of Engineers on June 30,1877, was four¬ 
teen commissioned officers and two hundred enlisted men, the reduction 
to this standard being effected on the 15th of June by the summary 
discharge of eighteen men. 

The companies are stationed and commanded as follows : At Willets 
Point, New York Harbor, Company A, Capt. Thomas H. Handbury; 
Company B, Capt. A. M. Miller; Company C, Capt. W. R. Livermore; 
Company D, (skeleton organization,) First Lieut. B. D. Gi'eene. At 
West Point, N. Y., Company E, Captain O. H. Ernst, also instructor 
in practical engineering and ex-officio member of the academic board. 

Detachments have served as follows: Department of Dakota, two 
sergeauts and four* privates; Department of the Missouri, two ser¬ 
geants, one corporal, and two privates; at the Centennial Exhibition, 
one lieutenant, one corporal, and seven privates. 

The battalion also furnished the guard during the final operations at 
the Hallet’s Point (Hell Gate) explosion. Three officers were detached 
for temporary duty on the survey of the Union Pacific and Central 
Pacific Railways. 

Recruiting has been discontinued, except in the case of re enlistments 
and to fill vacancies in the company stationed at West Point. 

The following table exhibits a synopsis of the recruiting service and 
of desertions from June 30, 1865, to June 30, 1877, a period of twelve 
years, beginning with the close of the war. 
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During the third quarter of 1665-'71... 
During the fourth quarter of 1865-*71 
Doling the first quarter of 1866-’72 ... 
During the second quarter of 1666-72. 

During the third quarter of 1872 . 

During the fourth quarter of 1»72. 

During the first quarter of 1873 . 

Daring the second quarter of 1673. 

During the third quarter of 1873 . 

During the fourth quarter of 1873. 

During the first quarter of 1874 . 

During the second quarter of 1674. 

During the third quarter of 1874 . 

During the fourth quarter of 1674 . 

During the first quarter of 1875 . 

During the second quarter of 1875. 

During the third quarter of 1875 . 

Daring the fourth quarter of 1675. 

During the first quarter of 1876 . 

During the second quarter of 1876. 

Daring the third quarter of 1876 . 

During the fourth quarter of 1876. 

During the first quarter of 1877. 

During the second quarter of 1877. 

Total daring third quarter of 1865 to 1676 .. 
Total daring fourth quarter of 1865 to 1876. 
Total daring first quarter of 1866 to 1877 .. 
Total daring second quarter of 1866 to 1877. 


Grand total for twelve years.2, 369 
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At Willets Point, in addition to the ordinary military duties of the 
garrison, the troops nave guarded, received, and issued the property per¬ 
taining to the engineer depot, remodeled a portion of the bridge-equip- 
age, guarded and done necessary work upon the permanent fortifica¬ 
tion, and constructed and remodeled certain post buildings. 

At West Point, Company E, in addition to ordinary post duties, has 
aided in the practical instruction of the cadets in poutoneering, signaling, 
telegraphy^ and field fortification. 

At both Willets Point and West Point, all needed facilities are avail¬ 
able for the instruction of the troops in the military duties of their arm 
of Service, except that at West Point no torpedo drills are practicable. 

The commissioned officers of the battalion at Willets Point have also 
special advantages iu the way of preparation for duty on the public 
works usually assigned to the corps. 

The progress in field fortification, pontoneering, and infantry tactics 
has been all that is practicable with the reduced number of the battalion 
and the pressure of other duties. 

A modified course of instruction iu photography for officers and non¬ 
commissioned officers has been commenced. The studio has been materi¬ 
ally improved, and the facilities for obtaining a thoroughly practical 
understaftding of the different processes and manipulations involved in 
photographic operations greatly increased. The beneficial results of 
these changes afe already conspicious iu the increased interest taken in 
the work by the officers "and the very creditable character of the work 
recently produced. 
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Special importance has been given to the copying of maps for military 
purposes, and during the ensuing year it is intended that the photo- 
lithographingof maps shall be studied and experimented with. 

In submarine mining the general system of instructions has been con¬ 
tinued with satisfactory results. 

As heretofore, much work has been done by the men in carrying out 
the torpedo-trials now being made. 

The following recommendation made in my last annual report is re¬ 
newed and respectfully urged upon the attention of the Secretary of 
War: * 

“In our service, as in that of Great Britain and other nations)the 
duty of devisiug and perfecting a system of torpedo-defense, to be used 
iq combination with the forts, aud of practically applying it in case of 
war, has been assigned to the engineer troops. The legal organization 
of the battalion (752 enlisted men) is sufficient to warrant a reasonable 
expectation that, with the needful material in store, this highly impor¬ 
tant duty will be satisfactorily performed. Under existing orders, issued 
at the recent reduction of the Army, the force authorized to be kept in 
service is fixed at 200 meh ; a number quite insufficient to afford any 
proper grounds for believing that even our more important sea-ports 
could be properly protected by torpedoes in time to prevent their destruc¬ 
tion. Every effort is now making to thoroughly prepare the men for 
these duties, which involve long training and higher intelligence than it 
is common to find in the ranks. Individual records are kept, showing 
the qualifications of each man, as determined by bis instructors from his 
regular drills and exercises. But still the fact remains that the force is 
too small to perform the responsible duties assigned to it, and I there¬ 
fore feel it my duty to urge that the organization may be recruited to 
520 men, the number judged to be the miuimum consistent with a reason¬ 
able stateof preparation for unexpected hostilities. This number is but 
little more than two-thirds of the maximum fixed by law, aud no increase 
in the legal organization is therefore needed.” 

In this connection it should be borne in mind that the Battalion of 


Engineers, while ordinarily engaged on its separate and special duties, is, 
in time of emergency, such as occurred during the late riots, available 
as infantry of the line. When so called upon, its discipline and general 
efficiency has merited and received the highest commendation. 

Engineer post and depot at Willets Pointy New York Harbor, com - 
manded by Maj. Henry L. Abbot y Corps of Engineers .—Willets Point is 
the principal engineer-depot of the Army, where are stored the field- 
trains, the tools, the torpedo material, and the surveying and astronom¬ 
ical instruments used by the corps. The property is cared for, guarded, 
and issued by the engineer troops. 

The post has become a useful school of application for officers and men, 
where the duties of the torpedo service, military-bridge making, field- 
fortification, military reconnaissance, field-photography, &c., are taught. 
The officers are also furnished with the necessary facilities for perfect¬ 
ing themselves in the use of the instruments employed upon every 
variety of work assigned to the corps. 

The buildings of the establishment are essentially completed, and the 
only appropriations requested are $1,000 for the purchase of engineer 
materials to be used for the instruction of the troops, and $4,000 for 
contingent expenses, such as remodeling ponton-trains, repairing instru¬ 
ments, purchasing fuel, forage, stationery, chemicals, extra-duty pay for 
soldiers engaged in special skilled labor, such as wheelwright-work, 
printing and binding engineer documents, photographing aud litho¬ 


graphing plans, &c., and for needful repairs of buildings 
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.Eatimate qf funds requiredfor Battalion of Engineers and engineer depot at Willets Pointy 
New York, for the fiscal year ending June 30, 1879. 

For purchase of engineer materials to continue the present coarse of instruc¬ 
tion of the battalion in field-engineeriug. $1,000 00 

For the incidental expenses of the depot, such as remodeling ponton-trains, 
repairing instruments, purchasing fuel, forage, stationery, chemicals, extra- 
dnty pay for soldiers engaged in special skilled (labor, snch as wheel¬ 
wright-work, print!ng, binding,photographing and lithographiDg.eugineer 


documents, &c. 4,000 00 

Total. 5,000 00 


RIVER AND HARBOR IMPROVEMENT. 

The funds with which the works for the improvement of navigation in 
rivers and harbors have been prosecuted daring the past fiscal year 
have been derived from the balances of the appropriations of March 3, 
1875, and of previous dates, together with snch portions of the appro¬ 
priation of August 14,1876, as were from time to time made available. 

In the last annual report from this office a tabulated statement was 
made of the amounts allotted to the works of improvement from the 
several specific appropriations contained in the act of August 14, 1876. 

Subsequent to that report several allotments were made at different 
dates until April 28, 1877, when, by authority of the Secretary of War, 
all the remaining balances of unallotted appropriations of that act, 
amounting to $1,124,100, were made available, and active operations 
were resumed at all tbe works thus provided for, and satisfactory pro¬ 
gress has been made during the fiscal year. 

A brief statement is given below setting forth the condition of each 
improvement, the extent of work performed during the year, amount of 
money expended, and an estimate of the probable cost of completion, 
together with an estimate of the amount that can be profitably expended 
during the year ending June 30, 1879. The reports of the officers in 
charge of the various improvements will be found in the appendix, and 
to these reports special reference should be made whenever detailed in¬ 
formation is desired concerning the progress and condition of each indi¬ 
vidual work. 

With the view to a compliance with the third section of the river and 
harbor act of August 14,1876, which requires a report to Congress of 
all the instances in which structures built by the United States in aid 
of commerce or navigation are used, occupied, or injured by corpora¬ 
tions or individuals, the extent of such injury and the facts touching 
the same, and also what legislation is necessary to protect public works 
against trespass or injury thereto, officers of engineers and agents in 
charge of public works were instructed to report all such instances 
within their knowledge, and their views as to the legislation which 
would best prevent the evils in question. Their replies were embodied 
in a letter from this office to the Secretary of War, of January 13,1877, 
including the form of an act intended to cover all cases likely to arise, 
and was sent from the War Department to the House of Representa¬ 
tives January 17,1877. It does not appear that this communication was 
printed or that any action was taken npon it by that body. It will be 
found in Appendix W 3. 
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ATLANTIC COAST. 

IMPROVEMENT OF RIVERS AND HARBORS IN THE STATES OF MAINE, 
NEW HAMPSHIRE, AND MASSACHUSETTS. 

Officer in charge, Lieut. Col. George Thom, Corps of Engineers. 

1. Saint Croix River, above the “Ledge,” Maine .—This river throughout 
its whole extent forms a part of the international boundary between 
Maine and New Brunswick. A survey of it was made in 1873, under 
the direction of Lieut. Col. Thom, from the 44 Ledge ” up to the toll- 
bridge between Calais and Saiut Stephens, the head of navigation, a 
distance of about 5 miles, with a view to the improvement of this por¬ 
tion of the river. The channel of the river was found to be much ob¬ 
structed by shoals, caused by the deposit of slabs, edgings, and saw¬ 
dust thrown into the river from the saw-mills above, then estimated at 
not less than 1,000,000 cubic yards. To open a channel of practicable 
width and depth through these shoals (say 200 feet in width and 9 feet 
in depth at mean low-water, and 29 feet at mean high-water) it is esti¬ 
mated would require the excavatiou of 2^5,000 cubic yards of 44 mill- 
waste,^ at a probable cost of §130,000. 

The following appropriations have been made by Congress for the im¬ 
provement of this river, to*wit: 


By act approved March 2, 1867... $15,000 00 

By act approved March 3, 1873. 10, 000 00 

By act approved June 23, 1874..... 10,000 00 

Total. 35,000 00 


The aet of March 2, 18G7, contaiued the proviso that— 

The province of New Brunswick contribute and pay to the proper disbursing officer 
a like sum for said purpose, said payment being made on condition that in no event 
shall the province of New Brunswick be called upon for more than half the sum 
actually expended for said purpose. 

In 1873, the Dominion of Canada appropriated the sum of $25,000 for 
the improvement of this river; but in consideration of the fact that the 
obstructions to its navigation have been caused by the deposit of the 
44 waste” from the saw-mills above, and that no law is in force for pre¬ 
venting the continuation of this practice, the department of public 
works of the Dominion of Canada declined to authorize the expenditure 
of the appropriation until satisfied that this practice is permanently dis¬ 


continued. 

July 1,1876, amount available.$34,185 58 

July 1, 1877, amount expended during fiscal year. 185 58 

July 1 , 18^7, amount available. 34,000 00 

Amount (estimated) required for completion of existing project. 40,000 00 

(See Appendix A 1.) 

2. Machias River , Maine .—The following appropriations .have been 
made by Congress for the improvement of this river, viz: 

By act approved March 3,1873.$12,000 00 

By act approved June 23, 1874 . 10,000 00 

By act approved March 3, 1875. 10,000 00 

Total. 32,000 00 


All the work projected for the improvement of this river was com¬ 
pleted in November, 1876, and all the appropriations made therefor, as 
above, have been expended. These improvements consist of the re- 
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moral of a very large and dangerous ledge (known as Middle Rock) 
which seriously obstructed the channel of the wharves at Machias, and 
in the excavation of the several shoals of slabs, edgings, &c., below, so 
as to obtain a channel 6 feet in depth at mean low-water (or 19.3 feet 
at ordinary high-water) for a width of not less than 100 feet from deep¬ 
water near East Machias bridge up to the wharves at Machias, a dis¬ 
tance of 3 miles. This work has required 1,350 cubic yards of rock-exca¬ 
vation and 33,000 cubic yards of dredging. 

As the shoals in this river have been caused chiefly by the slabs, edg¬ 
ings, and sawdust from the saw-mills at and above Machias Falls, they 
will, of course, continue to form, so long as the mills shall be permitted, 
as at present, to throw their 44 waste ” into the river 5 so that the im¬ 
provements uow made will probably be but temporary. > 


July 1,3876, amount available...$9,350 50 

Joly 1,1877, amount expended during fiscal year. 9,350 50 

(See Appendix A 2.) 


3. Penobscot River , Maine .—The work originally projected for the im¬ 
provement of this river consisted— 

A. In the enlargement aud straightening of its channel through the 
several bars and shoals at aud near Bangor, so as to have a width of not 
less than 200 feet, aud a depth not less than 11 feet at low tide (or 24 feet 
at high tide) in the lowest stages of the river, giving about 14 feet at 
low tide in its ordinary stages. 

B. In breaking up and removing all the sunken rocks in the harbor 
of Bangor down to the level of the general bed of the river near them, 
so as to have not less than 7 feet of water over them in the lowest stages 
of the river, except “Green’s Pier Ledge/’so called, which now has about 
5 feet of water over it in those stages, or 8 feet at low tide in its ordi¬ 
nary stages. 

At the beginning of the fiscal year (July 1, 1876,) the projected im¬ 
provement of all the bars and shoals had been completed with the ex¬ 
ception of the channel through the Middle Ground at Bangor; and all 
the sunken rocks had been broken up and removed to the extent pro¬ 
jected, with the exception of Green’s Pier Ledge, and some others dis¬ 
covered in October, 1875, in and near the Middle Ground Chaunel; con¬ 
tracts had also been made for completing all the dredging on the Mid¬ 
dle Ground, and for completing the removal of Green’s Pier aud Green’s 
Pier Ledge, nnder which considerable progress had then been made. 

During the past year the removal of Green’s Pier aud the ledge has 
been completed, and a contract has been made for breaking up aud re¬ 
moving a portion of the sunken ledge in the Middle Grouud Chaunel, 
the same to be completed before the close of the present season. The 
excavation of the Middle Ground Chaunel by dredging is now about 
four-fifths completed, with a probability of its being entirely so before 
the close of the present season. 

Under the appropriation of $10,000 made by act of March 3, 1875, to 
be expended for the improvement of the river at and near Bucksport 
Narrows, (18 miles below Bangor,) a survey was made to ascertain the 
object ot the appropriation, which resulted in a project for the improve¬ 
ment of its navigation by the removal of the Middle Ground in front of 
the wharves at Bucksport to a depth of 12 feet at menu low-water, or 
22.3 feet at ordinary high-water. A contract was made for this work 
at 12J cents per cubic yard, and it was completed on the 21st of Octo¬ 
ber, 1875, by 61,910 cubic yards of dredging. 

Under the appropriation of $4,000 made by act of August 14, 1876, 
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for the further improvement of Bucksport Harbor, a contract has been 
made for completing the dredging on the Middle Ground during the 
present season, at 30 cents per cubic yard, so that no further appro¬ 
priation will be required for improving the river at Bucksport. 

For completing the removal of the sunken ledges in and near the 
Middle Ground Channel at Bangor, as projected, the additional snm of 
$6,000 will be required. 

The officer in charge of this work states that the throwing of saw¬ 
dust iuto this river is still continued to a very great extent, and to the 
serious detriment of its navigation. In view of this, and of the fact 
that several other navigable rivers in his district, now being improved 
by the United States Government, are also being injured by the throw¬ 
ing in of slabs, edgings, aud sawdust, by building of piers and bridge- 
draws iu improper places, and otherwise, he suggests the passage of 
some general law for the protection and preservation of all navigable 
waters under the control of the United States Government, for the im¬ 
provement of which Congress has already or may hereafter make ap¬ 
propriations. 

$45,044 28 
10,000 00 

-$55,044 *28 

31, KM 98 
925 00 

- 32.759 98 


July 1, 1877, amount available. . 22,284 30 

Amount, (estimated) required for completion of existing project. 0,000 00 

Amount that can be profitably expended iu fiscal j ear ending J uue 30,1879 . 6 000 00 


(See Appendix A 3.) 

4. Belfast Harbor , Maine .—A survey of this harbor was made in July 
and August, 1875, in compliance with the river and harbor act of March 
3,1875, by which it was ascertained that to so improve it as to afford a 
safe anchorage for shipping iu all storms and have a suitable depth for 
the several steamers and other vessels that touch and lie there, in all 
stages of the tide, would require a breakwater and other works, the cost 
of which, as estimated by the engineer iu charge of same, is $347,000. 

The small amount (viz, $5,000) appropriated for this harbor by the 
river and harbor act of August 14, 1876, it has been deemed advisable 
to apply to the partial removal of the sunken ledge abreast Lane’s wharf, 
for which a contract has been made, the work to be completed the pres¬ 
ent seasou. For completing the removal of this ledge and the shoals 
below to the projected depth will require an additional appropriation of 
$30,000, which can be profitably expended during the next fiscal year. 


Amount appropriated by act approved August 14, 1876. $5,000 00 

July 1, 1877, ainouut expended duriug fiscal year. 900 

July 1,1877, amount available. 4,991 00 

Amount (estimated) required for completion of existing project. 342,000 00 

Amount that can be profitably expended iu fiscal year ending June 30,1879. 30,000 00 


(See Appendix A 4.) 

5. Kennebec River, Maine .—All the work projected for the improvement 
of this river has been completed, with the exception of the removal of 
Dry Rock, situated iu the Narrows, about miles below Richmond. 
From Richmond up to Gardiner, a distance of 11 miles, the channel has 


July 1, 1876, amount available. 

Amount appropriated by act approved August 14, 1876 

July 1, 1877, amount expended during fiscal year. 

July 1, 1877, outstaudiug liabilities.. 


Digitized by ^ooQle 













REPORT OP THE CHIEF OF ENGINEERS. 


35 


been made safe and navigable for a width of not less than 100 feet and 
for a depth of 10 feet at low tide (or 15J feet at high tide) in its lowest 
summer stages; and from Gardiner to Augusta, a distance of 7 miles more, 
it has also been improved for a width of not less than 100 feet, so as to 
have not less than 6£ feet at low tide (or 11 £ feet at high tide) in the low¬ 
est summer stages of the river. 

Under a contract made May 6,1875, for the. removal of Dry Hock to 
a depth of 12 feet at mean low-water, operations have been carried on 
during the past fiscal year resulting in the removal to date of about 
1,230 cubic yards Si the rock. This work will probably be completed 
before the dose of the present season, the funds available being sufficient 


for the purpose. 

July 1,1876, amount available... $27,815 33 

July 1, 1877, amount expended during fiscal year. $11,125 77 

July 1. 1877. outstanding liabilities. 7,200 00 

- 18,325 77 


July 1,1877, amount available. 9,489 56 

(See Appendix A 5.) 

6 . Portland Harbor , Maine .—All the work projected for the improve¬ 
ment of this harbor has been completed, with the exception of the 
dredging in front of the harbor-commissioner’s line above Merrill’s 
wharf; but this work will be done only on condition that the several 
wharves above Merrill’s wharf will be removed, so far as they extend 
beyond the harbor-line. The funds now available are sufficient for this 
purpose. 

During the past fiscal year an accurate triangulation and survey, much 
needed, has been made of the wharves and harbor lines; also a survey 
of the harbor in front of them, to ascertain what, if any, changes have 
taken place since it was dredged two years ago. 


July 1,1876, amount available.$44,568 98 

July 1,1877, amount expended during fiscal year. 1,638 88 


July 1, 1877, amount available. 42,930 10 

(See Appendix A 6.) 


7. Richmonds Island , Maine ,—The improvement projected for this 
place consists in making a harbor of refuge by means of a rubble-stone 
breakwater, to connect the island with main land. The length of the 
proposed breakwater is about 2,000 feet, with an average thickness of 
25 to 30 feet, and a height of 4 feet above ordiuary high-water. During 
the past fiscal year work has been suspended for want of funds. To 
complete it in accordance with the original estimate, 10,000 tons more 
of stone will be ueeded, for which an appropriation of $15,000 will be 
required. 


Amount (estimated) required for completion of existing project.$15,000 00 

Amount that can be profitably expended in fiscal year ending June 30,1879. 15,000 00 

(See Appendix A 7.) 

8 . Kennebunk River, Maine ,—The work hitherto done for the improve¬ 
ment of this river consists in the extension and repair of the two stone 
piers at its mouth, and the repair of the United States Government 
wharf, a short distance above its mouth. 

For the entire completion of all the improvements necessary for this 
river, there remains only the deepening of the channel at the Wading 
Place and at Mitehell’s Point, the estimated cost of which is $5,000, for 
which an appropriation was made by the river and harbor act, ap¬ 
proved August 14,1870. A contract has been made for completing this 
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work before the close of the present season/ No farther appropriation 


will therefore be required. 

Amount appropriated by act approved August 14, 1876.$5,000 00 

July 1, 1877, auiouut expended during fiscal year..-. 8 00 


July 1, 1877, amount available..'. 4,992 00 

(See Appendix A 8.) 

9. Cocheco River , New Hampshire.—The improvement projected for 
this river cousists in making a channel not less than 40 feet in width 
and 4 feet in depth at mean low-water (or 10.8 feet’at mean high-water) 
from the Lower Narrows up to the Packet Landing. 

The several appropriations made from March 3, 1871, to March 3, 
1875, tor this river have been applied to the following improvements, 
viz: 

A. The excavation and removal of about 400 cubic yards of ledge at 
the Lower Narrows, aud of numerous sunken rocks which obstructed 
the channel between the Lower and Upper Narrows, (including Watson’s 
Bocks,) as well as some rocks below the Lower Narrows. 

B. Opening a channel through the ledge at the Upper Narrows for a 
length of 430 feet and for a width of 40 feet and a depth of 4 feet at 
mean low-water. 

C. Opening a channel through the ledge in front of Collins’s wharf 
(above the Upper Narrows) for a length of 260 feet and for a width of 
40 feet aud a depth of 4 feet at mean low-water. 

D. Excavating (by dredging) a channel 40 feet wide and 4 feet deep 
at meau low-water from Gulf Shoal up to Packet Landing, a distance of 
about half a mile. 

The work done during the past fiscal year has been applied to the 
removal of sunken bowlders and ledges in and near the Lower Narrows, 
and at Trickey’s Shoal and Clement Point Shoal. A contract has also 
been made for completing all the projected dredging. 

The work that now remaius to be done for completing the improve¬ 
ment of this river as now projected consists in the completion of the 
chanuel by dredging near Packet Landiug, and, where necessary, at the 
shoals below, for which contracts have been made, the removal of 
sunken ledges and bowlders still necessary at and near the Lower Nar¬ 
rows and at Dover Point, aud in excavating a channel through the 
ledge at Gulf Shoal, to effect which will, as estimated, require an addi¬ 
tional appropriation of $11,000. 


July 1, 1876, amount available. $2,881 56 

Amount appropriated by act approved August 14, 1876. 14,000 00 

-$16,88156 

July 1, 1877, amount expended during fiscal year. 5,046 26 

July l, 1877, outstanding liabilities. 607 22 

--- 5,653 48 


July ), 1877, amount available 


11,228 08 


Amonnt (estimated) required for completion of existing project_*. 11,000 00 

Auiouut that cau be profitably expended in fiscal y^ir ending June 30,1879- 11,000 00 

(See Appendix A 9.) 


10. Merrimac River , Massachusetts .—All the work projected for im¬ 
proving the falls of this river above Haverhill, Mass., has beeu com¬ 
pleted to the extent now deemed necessary. Newburyport Harbor, at 
the mouth of the river, has also been improved by the removal of Sonth 
Gangeway Rock and of a wrecked schooner; and some progress has 
beeu made in the removal of North Gangeway Rock. 
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Between Newburyport and Haverhill the river has been improved by 
deepening the shoals aud the removal of numerous bowlders which ob¬ 
structed the channel above and below Rock’s Bridge, including Petty 
Rock below and Little Currier Rock above the bridge. This work has 
all been completed except the removal of numerous sunken bowlders 
from the channel near Silby’s Island, for which the funds now available 
are sufficient. 

For completing all the work now projected for the improvement ot 
Newburyport Harbor the additional sum of $25,000 will be required. 


Jnly 1,1876, amonnt available... $10,460 54 

July 1,1877, amount expended daring fiscal year. 9,209 44 

July 1,1877, amonnt available... 1,251 10 

Amount (estimated) required for completion of existing project. 25,000 00 

Amonnt that can be profitably expended in fiscal year ending Jane 30,1879. 25,000 00 

(See Appendix A 10.) 


11. Salem Harbor, Massachusetts .—The work projected for the improve¬ 
ment of this harbor consisted in the excavation, by dredging, of a 
channel 1,730 feet long and 300 feet wide to a depth of 8 feet at mean 
low-water (or 17.3 feet at mean high-water) from deep water to the en¬ 
trance of Sonth River; and for the buildiug of a sea wall and break¬ 
water for the protection and preservation of Long Point. 

Under the appropriation of March 3, 1873, this channel was opened 
fora width of about 160 feet, aud under that of June 23, 1874, it was 
completed to the projected width of 300 feet. 

For reasons stated by the engineer officer in charge of this harbor, 
the sea-wall and breakwater projected for the protection and preserva¬ 
tion of Long Point are no longer deemed necessary, so that no further 
appropriation is now asked for the improvement of this harbor. 

(See Appendix A 11.) 

12. Boston Harbor , Massachusetts. —The following is a statement of 
the present condition of the several works completed, projected, and in 
progress for the improvement of this harbor, and the progress made 
upon them during, the past fiscal year, viz : 

A. Sea wall on Point Allerton .—This wall was completed in May, 1874, 
together with a riprap apron-work for the protection of its foundation. 
Ita total length is 1,202 feet. It is now in excellent condition in every 
respect, and fully answers the purpose intended. 

B. Sea-icall on Great Brewster Island. —This wall is 2,840 feet in length, 
and was built for the protection of the north aud south heads of that 
island, having been completed in 1870. It is in good condition aud 
requires but few repairs. 

6. Sea-walls on LoveWs Island. —The two sea-walls ou this island were 
built by the United States Government, one iu 1843 for the protection 
of its north bead, and the other in 1867-68 for the protection of its 
southeast bluff, for a length of about 800 feet. For the protection of 
tbe shore-line next south of the north head wall, aud next south of the 
southeastern wall, apron-work and jetties of rubble-stone were added in 
1873. Tbe wall on the southeast bluff has beeu much damaged by re¬ 
cent storms, aud it is recommended that its height be increased 4 feet 
by adding two more courses, aud that it be otherwise repaired, at a 
probable cost of $15,000. The other wall aud apron-work are now iu 
good condition, requiring no repairs, and fully auswer the purposes 
intended. 
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D. Sea-wall on Gallop's Island .—This wall was commenced in 1808 
and completed in September, 1871. It is 1,785£ feet in length, and has 
its foundation protected for nearly its whole extent by a riprap apron- 
work and stone jetties, which were added in 1873-74. This work is in 
good condition and fully answers, in every respect, the purpose for which 
it was intended. 

E. Sea-wall on the north head of Long Island .—This wall was com¬ 
menced in 1870 and completed in the latter part of July, 1874, to a total 
length of 2,081| feet. For the protection of its concrete foundation, a 
riprap apron, with jetties, has been built on those parts where most 
exposed to injury by storms and currents, having been completed early 
in August, 1874. This work is in good condition, requiring no repairs, 
and fully answers the purpose intended. 

F. Sea walls on Deer Island .—The three sea-walls on this island were 
built about thirty-five years ago for the protection and preservation of 
the north, middle, and south heads, aud were, respectively, 1,740, 840, 
and 380 feet in length. The injury which these walls had sustained 
from the violence of the storms was such as to necessitate the rebuild¬ 
ing of them to a great extent. This was commenced in 1865 and com¬ 
pleted iu 1869. 

G. Straightening , widening , and deepening the main ship channel at the 
west end of Great Brewster spit —This work consisted in the removal, by 
dredging, of the southern portion of this spit, so as to give to the chan¬ 
nel a width of 600 feet for a depth of 23 feet at mean low-water. Under 
a contract made in September, 1874, the dredging, which was com¬ 
menced in October, 1874, was completed in August, 1875. During 
these operations a ledge was laid bare, of which 95£ cubic yards have 
since been broken up aud removed to the required depth of 23 feet at 
mean low-water. 

H. Straightening , widening , and deepening the main ship-channel at the 
southeast and southwest points of LovelPs Island .—This improvement con¬ 
sists in widening the channel so as to have a width of 600 feet for a 
depth of 23 feet at mean low-water. 

Under the appropriation of June 23, 1874, a contract was made in 
September, 1874, for the dredging at the southeast point of this island. 
Work under this contract was commenced in October, 1874, and was 
completed in September, 1875. 

For completing the improvement at and near the southwest point of 
this island about 40,000 cubic yards of dredgiug will be required, for 
which a contract has been made, the same to be completed during the 
present season. 

I. Straightening, widening, and deepening the main ship-channel at the 
upper middle bar .—The improvement projected for this bar consists in 
excavating a channel for about 4,000 feet in length to a width of 600 
feet and for a depth of 23 feet at mean low-water, the mean rise and 
fall of the tide being 10 feet. Dredging operations were commenced on 
the bar in 1870, aud were continued, with intervals of suspension for 
want of funds, up to the 16th of November, 1876, when they were finally 
completed by a total of 266,794 cubic yards of dredging, of which amount 
64,136 cubic yards have been done during the past fiscal year. In these 
dredging operations a sunken ledge was uncovered, containing about 
80 cubic yards above grade. A coutract has recently been made for its 
removal to grade, to be completed on or before the 1st of July, 1878. 

J. Removal of Nash's Rock, (Shoal.) —This shoal lies in the entrance 
to Boston Harbor, about one-third of the way over from Brewster’s Spit 
to Point Allertou. By a survey made in 1873, under the direction of 
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tbe engineer officer now in charge, it was ascertained that this shoal 
(previously known as Nash’s Rock) is covered with bowlders, shingle, 
gravel, &c., and has an area of about 640 superficial yards with less 
than 21 feet of water over it at mean low-water, and an area of about 9 
acres with less than 23 feet of water over it. The improvement here 
projected consists in its removal to a depth of 21 feet at mean low-water, 
which under a contract made May 19, 1875, was about half completed 
in September, 1876. Arrangements have been made for its entire com¬ 
pletion during the present season. 

K. Removal of Kelly 7 * Rock .—This rock lies in the main ship-channel, 
distant about 700 yards, in a direction southeast by south from Bug 
light, (at “the Narrows,”) and in the line of entrance buoy No. 1 and Bug 
light, and has always been a very dangerous obstruction to navigation. 

In 1869 work was com nenced upon the removal of this ledge to the 
depth of 23 feet at mean low-water, and was continued up to the end of 
1870, leaving, as shown by surveys since made, a large area not having 
the required depth. 

Under the appropriation of March 3, 1875, a contract was made May 
14,1875, for completing the removal of this rock. Work was com¬ 
menced uuder this coutract in the latter part of May, and was satisfac¬ 
torily completed in September, 1875. During these operations of 1875 
new ledges were discovered in the viciuity of Kelly’s Rock, above and 
below it, having on tbe shoalest part a depth of 20 to 21 feet at mean 
low-water. To reduce them to the projected depth of 23 feet at mean 
low-water will require 189 cubic yards of excavation, for which a con¬ 
tract has recently been made, at $50 per cubic yard; the work to be 
completed on or before the 1st of July, 1878. Operations have been 
commenced uuder this contract. 

L. Removal of Tower Rock. —This rock was situated in the main ship- 
channel at “the Narrows,” about 100 yards to the southwest of Great 
Brewster Spit light. It was blasted out and reipoved in 1867 to the 
projected depth of 23 feet at meau low-water. 

M. Removal of Corwin Rock. —This rock was situated in the main ship- 
channel at “ the Narrows,” about 200 yards to the southwest of Great 
Brewster Spit light. It was blasted out and removed in the years 1868 
and 1869 to the projected depth of 23 feet at mean low-water. 

N. Removal of sunken ledge between George's Island and Great Brewster 
Spit.—This ledge was discovered in September, 1872, in a resurvey of 
“the Narrows,” made under the direction of the engineer officer now in 
charge. It was situated near the middle of the main ship-channel, dis¬ 
tant about 317 yards, in a direction west by south from Bug light. It 
had but 18.9 feet of water over it at mean low-water, and was conse¬ 
quently a dangerous obstruction to navigation for the European steam¬ 
ers and other large vessels. 

Under a contract made August 31, 1874, the removal of this ledge 
was completed in September, 1874, to the projected depth of 23 feet at 
mean low-water. 

O. Removal of Barrel Rock in Broad Sound. —This was a bowlder, lying 
about one mile north of west from Green Island and uear the sailing 
line of the Portland and other Maine steamers. It had only 4 feet of 
water over it at low tide, and in thick weather was a dangerous obstacle 
to navigation. It was removed in 1869. 

P. Removal of State and Palmyra Rocks. —By a survey made in 1873, 
under the direction of the engineer officer now in charge, it was ascer¬ 
tained that these dangerous rocks, the position and character of which 
had previously been but little known, consisted of bowlders and ledges, 
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lying on the southern spurs of the “Lower Middle, 1 ” which ocean- 
steamers aud other large vessels had occasionally struck. 

Uuder a contract made August 31, 1874, for the removal of these 
sunken rocks, work was commenced upon them in September, 1874, and 
on the 15th of June, 1875, their removal was completed. 

Q. Removal of wreck of schooner Delos .—This vessel was sunk in 1872 
in Nantasket Roads, about 100 yards from Fort Warren wharf, in about 
22 feet of water at mean low-water, aud was broken up and removed in 
May and June, 1873. 

R. Improvement of Hingliam Harbor, Massachusetts. —In the appropri¬ 
ation for Boston Harbor, made by act of March 3, 1875, provision was 
made for the improvement of Hingham Harbor, Massachusetts, to an 
extent not exceeding in cost $10,000. 

The project for its improvement consisted in widening and deepening 
the main chaunel so as to have a width of not less thau 100 feet and a 
depth of 8 feet at meau low-water (or about 6 feet at low-water iu spring- 
tides) up to the wharves of Hingham, requiring 25,160 cubic yards of 
dredging and 80 cubic yards of ledge-excavation. This work has been 
completed. 

From the report of the engineer officer in charge, it is seen that nearly 
all the works hitherto projected for the improvement of Boston Harbor 
have been completed, and the following only remain to be completed, 
.viz: 

1. About 40,000 cubic yards of dredging at and near the southwest 
point of Lovell’s Island, in order to obtain the contemplated width and 
depth of channel, for which a coutract has been made. 

2. The removal of about 189 cubic yards of sunken ledges, discovered 
in 1875, in the viciuity of Kelly’s Rock, and about 80 cubic yards of 
ledge at the Upper Middle, for which contracts have been made. 

3. Completing the removal of Nash’s Rock, (Shoal,) arrangements 
having been made for doing it the present season. 

4. The removal of Man-of-War Shoal, in the upper harbor, requiring 
about G5,000 cubic yards of dredging, for which no funds are available. 

5. Raising and repairing the southeastern sea-wall on Lovell’s Island, 


for which uo funds are now available. 

July 1, 1876, amount available... $80,455 29 

Amount appropriated by act approved August 14, 1876.. 50,000 00 

-$130,455 29 

July 1, 1877, amount expended during fiscal year. 87,917 46 

July 1, 1877, outstanding liabilities. 246 12 

- 88,163 58 


July 1, 1877, amount available 


42,291 71 


Amount (estimated) required for completion of existing project. 55,000 00 

Amount that can be profitably expended in fiscal year ending June 30,1879 . 55,000 00 

(See Appendix A 12.) 


13. Plymouth Harbor, Massachusetts .—The several appropriations here¬ 
tofore made for this harbor have been applied to the construction of 
bulkheads, jetties, aud groius for the preservation and strengthening of 
Long Beach, upon which the harbor depends for its existence. During 
the past year these works have been repaired and strengthened where 
most necessary, being now in a very good aud effective condition. Re¬ 
pairs will, however, be required hereafter upon these works from year 
to year as heretofore, for which Congress will contiuue to be called 
upon for suitable appropriations. 

By act of March 3,1875, the sum of $10,000 was appropriated for 
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this harbor, and baa been applied in part to improving the harbor itself. 
The project adopted consists iu opening, by dredging, a channel leading 
from the Middle Ground up to the wharves of Plymouth, to a depth 
of 6 feet at mean low-water, or 16 feet at mean high-water, and for a 
towing width of 100 feet. 

Under a contract made May 13, 1875, dredging operations were com¬ 
menced in April and finished iu June, 1876, resulting in 34,985 cubic 
yards iu completion of the contract, by which the projected channel was 
opened for a width of 50 feet aud to the depth required. For complet¬ 
ing this channel as now recommended by the engineer officer in charge, 
and for the annual repairs of the works built for the preservation and 
protection of Long Beach, an additional appropriation of $30,000 will be 


required. 

July 1, 1876, amount available... $327 42 

July 1, 1877, amount expended during fiscal year. 233 50 


Joly 1, 18.'7, amount available 


93 92 


Amount (estimated) required for completion of existing project. 30,000 00 

Amount that can be profitably expended in fiscal year ending June 30, 

1879... 30,000 00 


(See Appendix A 13.) 

14. Provincetovm Harbor , Massachusetts .—The several appropriations 
heretofore made for the preservation aud improvement of this harbor 
have been applied to the construction of the following works, viz: 

A. Bulkheads and jetties of various descriptions have been built from 
time to time aloug Beach Point, for its preservation and protection, 
both by the United States Government and by the local authorities. 

B. A dike was built in 1868 and 1869 by the State of Massachusetts, 
across the outlet of East Harbor Creek. 

C. A dike was built in 1868 and 1869 by the United States Govern¬ 
ment across East Harbor Creek, at the Wading Place, uear High Head, 
about 2 miles above the outlet of the creek. 

D. Wooden bulkheads and jetties have been built at different times 
for the protection and preservation of the beach on Long Point. 

E. A stone bulkhead has been nearly completed for the protection and 
preservation of the outer end of Long Point, the light house and Three- 
gun Battery. 

F. A dike (272 feet in length) was built in 1871-72 across the head of 
Lancey’s Harbor, near Abel Hill. 

G. Beach-grass planted on Beach Point, Long Point, Abel Hill, Cove 
8ection, and Oblique Section, and at the last two places brush has also 
been laid for their further protection. 

H. The projected extension of the several jetties on Beach Point and 
State Dike has been completed. 

I. A bulkhead and 6 jetties built for the preservation and protection 
of the beach at Cove Section, near High Head, where encroached upon 
by the extraordinary gales of November, 1873, and January, 1874. This 
bulkhead is 607 feet in length, and the jetties have an aggregate length 
of 126 feet. They consist of a frame-work filled with brush and bal¬ 
lasted with stone, aud were completed in December, 1874. 

J. Accurate resurveys made in 1871-72-73-74, aud 75 of Cove Sec¬ 
tion, Oblique Section, Beach Point, and Long Point, together with 
elaborate soundings and current observations in the inuer harbor. 

The only work of those projected for the preservation and improve¬ 
ment of this harbor, that now remains to be completed, is the stone 
bulkhead on Long Point; and contracts have been made for its com- 
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pletion during the present season, under the appropriation made there¬ 
for by the river and harbor act of August 14,1876. 

The amount expended during the fiscal year ending June 30, 1877, 
has been applied to extending the stone bulkhead on Long Point, and 
planting beach-grass at Cove Section and High Head Dike. 

These works and all the others built for the preservation and protec¬ 
tion of this harbor require continuous watching and repairs, for which 
the additional sum of $1,000 will be required for the next fiscal year. 


July 1, 1876, amount available.. $496 07 

Amount appropriated by act approved August 14, 1876. 4,000 00 

July 1,1877, amount expended during fiscal year. 437 40 

July 1,1877, outstanding liabilities.. 888 00 

- 1,325 40 

July 1,1877, amount available. 3,170 67 

Amount (estimated) required for completion of existing project. 1,000 00 


Amount that cau be profitably expended in fiscal year ending June 30,1879. 1,000 00 

(See Appendix A 14.) 

IMPROVEMENT OF HARBORS AND RIVERS ON THE SOUTHERN COAST 
OF MASSACHUSETTS AND IN RHODE ISLAND—IMPROVEMENT OF 
CONNECTICUT RIVER. 


Officer in charge, Major G. K. Warren, Corps of Engineers, with 
Capt. D. P. Heap, Corps of Engineers, under his immediate orders 
siuce April 25, 1877. 

1. Hyannis Harbor , Massachusetts .—Nothing has been done at this 
place for waut of funds. An appropriation of $10,000 is necessary to 
complete the strengthening of the breakwater. 


July 1, 1876, amount available.. $42 94 

July 1, 1877, amount available..1.. 42 94 

Amount (estimated) required for completion of existing project. 10,000 00 


Amount that can be profitably expended in fiscal year ending June 30,1879. 10,000 00 

(See Appendix B 1.) 

2. Wareham Harbor , Massachusetts .—The improvement designed for 
this harbor consisted mainly in dredging the channel of approach to a 
depth of 9 feet at meau low-water, aud in wideniug and straightening 
it. This has been completed during the past fiscal year to an extent, 
greater than was designed, owing to a reduction in the cost of dredging.. 
With the unexpended balauce it is proposed to build sand-catchers 
upon Long Beach, to arrest the sand which drifts over the beach into # 
the harbor. 

Nine feet at mean low-water, or 12^ feet at mean high-water, can now 
be carried by vessels up to the wharves, aud the width is nowhere less 
than 100 feet, gradually widening from the wharves outward. 


July 1, 1876, amount available.$7,024 78 

July 1, 1877, amount expended during fiacal year. 4, 967 04 


July 1, 1677, amount available... 2,057 74 

(See Appendix B 2.) 

3. New Bedford Harbor , Massachusetts .—No work was done here during 
the past fiscal year for want of funds, as the appropriation of $10,000 in 
the River and Harbor act of August 14,1876, was not made available 
until April 30, 1877. 

A contract has been entered into for dredging, and at so low a price 
that it is thought the projected channel of 200 feet width and 15 
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feet depth at mean low-water can be completed with the funds now 
available. 

July 1,1876, amount available. $73 87 

Amount appropriated by act approved August 14, 1876 . 10,000 00 

10,073 87 

July 1,1877, amount expended during fiscal year. 419 *27 

July 1,1877, amount available. 9,654 60 

(See Appendix B 3.) 


4. Taunton River, Massachusetts .—During the fiscal year 93 cubic yards 
of rocks were removed from 44 The Nook v and Peters Point. An ap¬ 
propriation of $5,000 is needed to complete the channel of 60 feet width 


and 9 feet depth at mean high-water. 

July 1,1876, amount available. $1,205 90 

Jnly 1,1877, amount expended during fiscal year. 1,104 97 

July 1,1877, amount available. 100 93 * 

Amount (estimated) required for completion ot existing project. 5,000 00 


Amount that can be profitably expended in fiscal year ending June 30,1879. 5,000 00 

(See Appendix B 4.) 

5. Fall River Harbor, Massachusetts .—No work was done here during 
the fiscal year for want of funds. A coutract has been made to continue 
the dredging with the appropriation of $10,000 of the act of August 14, 
1876, which, it is thought, will complete the improvement to the extent 
originally designed. This improvement is for the benefit of the com¬ 
merce of the port, and probably nothing more is needed at present. 
The fall in prices has enabled the Government to do the work at much 
lower rates than at first anticipated. 

The estimate was $45,000. The appropriations have amounted to 


$30,000. 

July 1,1876, amount available. $597 55 

Amount appropriated by act approved August 14,1876 . 10,000 00 

10,597 55 . 

July 1,1877, amount expended during fiscal year... 341 08 

July 1,1877, amount available. 10,256 47 

(See Appendix B 5.) 


6. Pawtucket or Seekonk River, Rhode Island .—No work has been done 
during the fiscal year, and none will be doue this season, unless the 
shoals become troublesome, or some accidental obstruction occurs. 


* July 1,1876, amount available. $1,594 61 

July l, 1877, amount expended.doriug fiscal year. 83 33 

July 1,1877,amount available. 1,511 28 

(See Appendix B 6.) 


7. Bulkhead Rock, Providence River, Rhode Island .—This rock is a 
dangerous and annoying obstruction to all vessels entering or leaving 
the port of Providence drawing more than 14 feet. It was removed 
down to 14 feet at mean low-water under an appropriation made in 
1870. A depth of 18 feet at mean low-water is deemed to be necessary, 
to make which it is estimated will require an appropriation of $5,000. 


July 1,1876, amount available... $74 98 

July 1,1877, amount available... 74 98 

Amount (estimated) required for completion of existing project. 5,000 00 


Amount that can be profitably expended in fiscal year ending June 30, 1879. 5,000 00 

(See Appendix B 7.) 
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8. Newport Hhrbor , Rhode Island .—With a small balance of the appro¬ 
priation of March 3, 1875, and the assistance of the officers of the* 
United States Navy torpedo - station and those of the Old Colony 
Steamboat Company, two large bowlders were removed from the chan¬ 
nel. These bowlders had been struck several times at extreme low tides 
by the large steamboats, and during the last year caused considerable 
damage. The improvement planned at this place was designed to facili¬ 
tate business at the port, and not to iucrease its capacity as a harbor of 
refuge. With this view all has been done that is now needed. 


July 1, 1876, amount available.#954 06 

July 1, 1877, amount expended daring iiscal year. 923 92 

July 1, 1877, amount available. 30 14 

(See Appendix B 8.) 


\ t * / , 

9. Block Island Harbor , Rhode Island .—Work has been commenced 
on the proposed detached pier under the appropriation made by act of 
August 14, 1876. The funds now available will complete the break¬ 
water designed for the business of the island. 

The harbor has become the resort of numbers of fishing-vessels 
belonging elsewhere, so that at times it is quite filled up. It will 
undoubtedly be sought by fishermen and ordiuary coasters in numbers 
sufficient to fill a harbor of several times its capacity. The present 
work was not designed to meet this want. At the close of the season’s 
work a final report will be made, which will include plans and estimates 
of cost of meeting the probable wants of the future. 


July 1, 1876, amount available. $22,447 70 

Amount appropriated by act approved August 14, 1876 . 40,000 00 

-$62,447 70 

July 1,1877, amount expended during fiscal year. 13,136 07 

July 1, 1877, outstanding liabilities. 2,332 67 

——- 15,468 74 


July 1,1877, amount available. 46,978 96 

(See Appendix B 9.) 

10. Pawcatuck River y Rhode Island and Connecticut. —This improve¬ 
ment as projected has been completed, and no further work is now 
contemplated. The small balance is reserved to remove any small 
obstruction that may by accident be placed in the channel. 


July 1, 1876, amount available.$176 37 

July 1, 1877, amount expended during fiscal year. 74 40 


July 1,1877, amount available 


101 97 


(See Appendix B 10.) 

11 .* Little Narragansett Bay , Rhode Island and Connecticut. —The im¬ 
provement projected for this locality is to open a channel 200 feet wide 
and 7£ feet deep at mean low-water along the north shore of the bay, 
by dredging and by removing such rocks as may be found iu the way. 

The original estimate for the work was $51,000. Deducting $5,000 
already appropriated leaves $46,000 still required to complete the work. 
One-half of this amount could be advantageously expended during the 
next fiscal year, and would probably suffice to open a channel 100 feet 
wide, aud thus utilize the improvement of Pawcatuck River, which was 
completed last year. 


Amount appropriated by act approved August 14, 1876. $5,000 00 

July 1, 1877, amount available. 5,000 00 

Amount (estimated) required for completion of existing project. 46,000 00 

Amoiut that can be profitably expended iu fiscal year ending June 30,1879. 23,000 00 

k (See Appendix B 11.) 
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12. Connecticut River below Hartford , Connecticut .—Early in the seasou 
of 1876 the navigation of this river was much obstructed by shoal water 
on the bars at Hartford, Clay Banks, Pistol Point, and Glastoubury. 

There being uo funds available for this improvement, the Hartford and 
New York Steamboat Company put a dredge to work on Juue 26, and 
kept it at work uutil September 20. 

Daring the months of October, November, and December, 1876, some 
repairs were made to the west jetty, and several clusters of piles were 
put in about the head and east side of it to keep vessels off the stone¬ 
work. The beacon at the head was rebuilt, but again carried away by 
a steamer runuing into it. 

Early in May, 1877, water becoming low, vessels began to have trouble 
in getting over the bars, and a dredge with necessary scows and tug was 
hired to work by the day. This dredge was at work at the end of the 
fiscal year. 

A schooner wrecked on the bar at the mouth of the river last Octo¬ 
ber haviug become a dangerous obstruction, a contract was made for its 
removal. The amount remaining on hand after the removal of this 
wreck, and doing the required dredging, will be too small to do much 
toward the completion of the improvement at the mouth of the river; 
it will therefore be reserved to remove any obstructions, such as shoals 
or wrecks. 

The officer in charge estimates that to complete the jetties at the 


mouth $45,000 will be required. 

July 1,1876, amount available. $165 42 

Amount appropriated by act approved August 14, 1876. 20,000 00 

20,165 42 

Jaly 1, 1877, amount expended during fisoal year... 9,451 67 

July 1,1877, amount available.. 10,713 75 

Amount (estimated) reqnired for completion of existing project. 45,000 00 


Amount that can be profitably expended in fiscal year ending June 30,1879 . 45,000 00 

(See Appendix B 12.) 

13. Connecticut Rive}' above Hartford , Connecticut , and below Holyoke, 
Massachusetts .—The condition of this part of the river has been such 
during the past fiscal year that no expenditure for its improvement has 
been necessary. There is no liability of the existing navigation being 
injured by shoals, except between Hartford and Eufield Falls. The 
available funds will be used for their removal, aud they are deemed 
more than sufficient to meet any such contingency. 

It is recommended that the report giving results of surveys, with the 
maps and diagrams, be published, so that the exact nature of the condi¬ 
tion of navigationou the river may be made known. Its capacity is limited 
now by the size of the canal around Eutield Falls, and unless these falls 
are radically improved, at a cost of from $800,000 to $900,000, but little 
can be done to iucrease the draft aud tonnage of vessels destiued for 
Holyoke. 

If the improvement of these falls is not contemplated, it is recom- 
meuded that all the money appropriated (reserving $5,000 for the shoals 
between Hartford and Eufield Falls) should be used in publishing the 
detailed reports and in carryiug on the improvement of the bar at the 
mouth of the river. 
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Above Hartford, Conn., and below Holyoke, Maes, 

(Act of March 3, 1871.) 

Amount available July 1, 1876.. $3,831 83 

Amoilnt expended during fiscal year endiug June 30, 1877 . 541 40 

Amount available July 1, 1877. 3,290 43 

Above Enfield Falls, Conn., and beloic Holyoke, Mass. 

(Act of June 10, 1872.) 

Amount available July 1,1876.$10,702 92 

Amount available July 1, 1877. 10,702 92 

Above Hartford and belotv Enfield Falls, Conn, 

(Act of-March 3, 1873.) 

Amount available July 1, 1876. $12,272 04 

Amount available July 1,1877... 12,272 04 

(See Appendix B 13.) 


HARBORS ON LONG ISLAND SOUND. 


Officer in charge, Maj. J. W. Barlow, Corps of Engineers. 


1. Stonington Harbor , Connecticut .—With the funds available July 1, 
1875, the break water on Wampassett Shoal was commenced and carried 
to a length of 771 feet, but no appropriation having been made for the 
year ending June 30, 1877, the construction of the breakwater has been 
suspended. It is desirable that work be resumed at an early day, for 
which purpose $50,000 could be profitably expended during the ensuing 
fiscal year. 1 


July 1, 1876, amount available..*. $959 75 

July 1, 1877, amount expended during fiscal year. 915 12 


July 1, 1877, amount available 


44 63 


Amount (estimated) required for completion of existing project. 206,536 00 

Amount that can be profitably expended in fiscal year ending Juue 30,1879.. 50,000 00 

(See Appendix O 1.) 

2* Thames River , Connecticut .—The sum of $6,000 can be profitably 
expended during the next fiscal year toward the removal of certain 
shoals which have formed in the dredged channel of this river, com¬ 
pleted to a depth of 11 feet in 1873. 

(See Appendix C 2.) 

r 3. Xeic Haven Harbor, Connecticut, —Under an extension of the con¬ 
tract of 1876 for dredgiug in this harbor, work has been continued be¬ 
tween Long Wharf and Belle Dock, making this part of the harbor 415 
feet wide aud 13 feet deep at meau low-water. The officer in charge 
recommends that the portion of the harbor between Fort Hale and the 
steamboat dock be wideued to 400 feet to correspond to the width above, 
and be carried to a depth of 16 feet at mean low-water. An appropria¬ 
tion of $40,000 is asked by him for this purpose, which could be profit¬ 
ably expended duriug the next fiscal year. 

Bo work has beeu done at Luddiugton Rock, the contractor having 
declined to go on with the excavation. 

The least depth is 12.4 feet at mean low-water where a can-buoy marks 
the obstruction. Owiug to the proximity of the new light-house on 
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Southwest Ledge, the rock is dow a much less serious obstacle to navi¬ 


gation than formerly. 

July 1,1876, amount available.$11,607 34 

July 1, 1877, amount expended during fiscal year. 9,085 21 

July 1,1877, amount available. 2,612 13 

(See Appendix C 3.) 


4. Milford Harbor, Connecticut .—The dredging in progress at the close 
of the last fiscal year was continued under au extension of the contract, 
and the channel 75 feet wide and 4 feet deep at mean low-water was 
carried 800 feet above the long jetty. The officer in charge suggests 
that a channel 50 feet wide be continued to the town docks, the cost of 
which would be $9,000. 

*The small jetties built to protect the the bluff north of Welch’s Point 
have been much injured by storms. The officer in charge deems it ad¬ 
visable to build a substantial jetty from Welch’s Point to deep water. 
This would aid iu protecting the bluff from erosion, aud form a much 
needed harbor of refuge. 

To continue dredging in upper harbor, and to commence jetty at 
Welch’s Point, tiie sum of $25,000 could be advantageously applied dur¬ 


ing the next fiscal year. 

July 1, 1876, amount available.$4,706 65 

July 1,1877, arnouut expended during fiscal year. 4,260 81 

July 1,1877, amount available. 445 84 

Amount (estimated) required for completion of existing project. 64,000 00 


Amount that can be profitably expended iu fiscal year ending June 30,1879.. 25,000 00 
(See Appendix O 4.) 

5. Housatonic River , Connecticut .—The work of dredging the bars near 
Drew’s Rock was continued. The 7-foot channel obstructed by freshets 
was restored, and made from 45 to 80 feet wide. Five thousand dollars 
will be needed to remove deposits likely to have formed during the win¬ 


ter and spring freshets. 

July 1.1876, amount available. $4,460 11 

July 1,1877, amount expended during fiscal year. 4,442 38 


July 1,1877, amount available. 17 73 


Amount that can be profitably expended in fiscal year ending June 30,1879.. 5,000 00 

(See Appendix C 5.) 

6. Bridgeport Harbor , Connecticut —The sum of $10,000 appropriated 
by act of August 14, 1870, will be applied to excavation betw een the 
Bteamboat-wharf and the wagon-bridge. A contract has been made to 
do this dredging at 8$ cents per cubic yard; the whole work to be com¬ 
pleted by the 1st of October, 1877. 

The officer in charge asks for an appropriation of $20,000, to be applied 
to widening to 200 feet the 12-foot channel over the outer and inner bars, 


now 100 feet in width. 

July 1,1876, amount available. $54 85 

Amount appropriated by act approved August 14,1876. 10,000 00 

-$10, 054 85 

July 1,1877, amount expended during fiscal year. 167 90 


July 1, 1877, amount available. 9,886 95 


Amount (estimated) required for completion of existing project. 40,000 00 

Amount that can be profitably expended in fiscal year ending J une 30,1879.. 20,000 00 


(See Appendix G 6.) 
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7. Southport Harbor , Connecticut— With the appropriation of $5,000 
made by act of August 14,1876, it is proposed to repair the breakwater 
aud dike during the present season. 

The officer in charge asks for an appropriation of $8,000 to deepen the 
chaunel to 4 feet at mean low-water by dredging. 


July 1, 1876, amount available. $383 99 

Amount appropriated by act approved August 14, 1876. 5,000 00 


July 1, 1877, amount expended during fiscal year 


5,383 99 
320 06 


July 1, 1877, amount available 

(See Appendix 0 7.) 


5,063 93 


8. Norwalk River , Connecticut — No appropriation having been made 
for this improvement during the past fiscal year, work has been sus¬ 
pended. 

The officer in charge estimates that it will require $30,000 to complete 
the channel to the desired dimensions, and recommeuds that $15,000 for 
this purpose be appropriated for the next fiscal year. 


July 1, 1876, amount available.* $190 62 

July 1, 1877, amount expended during fiscal year. 190 62 

Amount (estimated) required for completion of existing project..... 30,000 00 

Amount that can be profitably expended in fiscal year ending June 30,1879.. 15,000 00 


(See Appendix C 8.) 


9. Fort Jefferson Harbor , New York. —The construction of the west jetty 
in progress at the close of the last fiscal year was continued. This jetty 
is now 475 feet in length, and should be extended 600 feet farther to 
produce the desired effect upon the tidal currents. 

The work of repairing, raising, and extending the east side jetty has 
been commenced, aud it is also proposed to dredge a cbauuel 50 feet 
wide across the bar. To further extend the jetties, and to widen the 
chaunel to 100 feet, an estimate of $34,000 is submitted by the officer in 
charge, of which $20,000 can be expended to advantage during the next 


fiscal year. 

July 1, 1876, amount available. $11,006 23 

Amount appropriated by act approved August 14, 1876. 6; 000 00 


17,006 23 

July 1, 1877, amount expended during fiscal year. 5,744 59 

July 1,1877, amount available. 11,261 64 

Aroonnt (estimated) required for completion of existing project.. 34, 000 00 


Amount that can be profitably expended in fiscal year ending June 30, 1&79-. 20,000 00 

(See Appendix C 9.) 

IMPROVEMENT 6f HUDSON RIVER—REMOVAL OF OBSTRUCTIONS IN 
EAST RIVER, INCLUDING HELL GATE—IMPROVEMENT OF HARLEM 
RIVER AND EAST CHESTER CREEK, AND OF THE HARBORS OF PORT 
CHESTER AND RONDOUT, IN NEW YORK; PASSAIC RIVER AND THE 
CHANNEL BETWEEN STATEN ISLAND AND FEW JERSEY; HARBORS 
ON LAKE CHAMPLAIN. 

Officer in charge, Lieut. Col. John Newton, Corps of Engineers, who 
has under his immediate orders Captain James Mercur and Lieut. J. 
H. Willard, Corps of Engineers. 

In temporary charge of Captain Mercur since April 18, 1877, in the 
absence of Lieut. Col. Newton. 
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1. Improvement of Hudson River, New York .—Surveys were made dur¬ 
ing the fiscal year of sloop-lock, from Port Schuyler to Bath, at Over¬ 
slaugh, Overslaugh dam, Winnie’s Bar, from Cedar Hill to Nine-mile 
tree, at Mull’s, Mull’s Bock, Coeymans, New Baltimore and New Balti¬ 
more Bocks, and maps of the same prepared. 

Of the new dike on the Overslaugh, 1,000 feet were finished and 2,000 
feet are in course of construction; of cross-dike, 424 feet have been fin¬ 
ished and 1,220 feet partly so. 

The dredging consisted of 3,900 cubic yards on the Overslaugh and 
136,709 by the State engineer between the State dam at Troy and New 
Baltimore. 

Repairs were made to the dikes at New Baltimore, Coeymans, Over¬ 
slaugh, Small Island, Bath, Patroon’s, and Port Schuyler, which had 
been more or less injured by ice during the winter. 


July 1,1876, amount available.$5,515 09 

Amount appropriated by aet approved August 14, 1876. 50,000 00 

-$55,515 09 

July 1,1877, amount expended during fiscal year. 18,664 67 

July 1,1877, outstanding liabilities. 9,876 00 

-$28,530 67 


July 1,1877, amount available 


26,984 42 


Amount (estimated) required for completion of existing project. 164,116 47 

Amount that can be profitably expended in fiscal year ending June 30,1879.. 126,000 00 

(See Appendix D 1.) 

2. Removing obstructions in East River and Hell Gate , New York , (Hal- 
let J s Point )—On August 6,1876, the work preparatory for the final blast 
was commenced and carried forward until September 24, at which date 
the mine was exploded with complete success. 

After the blast contract was made for the removal by dredging of 
about 24,000 tons of broken rock, and at the end of the year 14,055 tons 
had been removed. 

A preliminary report of the operations connected with the destruction 
of the reef at Hallet’s Point was made by Lieutenant-Colonel Newton, 
the officer in charge, in- December, 1876, which was submitted, by the 
Secretary of War to the House of Representatives January 13,1877, and 
printed as House Ex. Doc. No. 24, Forty-fourth Cougress, second session. 
(See Appendix D 2.) 

A detailed report of the entire progress of the work from its inception 
is now in course of preparation under Colonel Newton’s supervision, and 
will be submitted as soon as completed. 

Flood Rock .—Work was stopped on May 26,1876, and was not resumed 
until September 30,1876, and continued until December 31,1876, when 
the heavy ice running in the river rendered it impossible to continue 
regular work; the pumps and machinery were therefore removed from 
the mine and it was allowed to fill with water. 


Number of feet of holes drilled. 13,311 

Number of holes blasted. 3,303 

Number of drills sharpened. 1,777 

Loss of steel by abrasion, pounds.:. 178 

Number of cubic yards of rock removed... 1,772.2 

No appropriation having been made at the last session of Congress, 
it became necessary to suspend operations on this work. 

Steam driUing-scow .—From July 1 to September 28,1876, the crew of 
the scow was employed in assisting at the preparations for the final 
blast at Hallet’s Point. 

From October 19,1876, to December 23, 1876, the scow was engaged 
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on Diamond Beef; work was suspended in consequence of having no 
funds for continuing it. 


Cable yards of rock removed.-...*... 916.25 

Number of drill-hole blasts made .... ..... 16 

Number of holes drilled.......... 185 

Number of feet drilled. . ... 1,997.8 

Vulcan powder used, pounds... 14,244 

Average depth of hole drilled, feet..... 10.8 

July 1,1876, amount available.. $54,141 46 

Amount appropriated by act approved August 14,1876...... 250,000 00 

July 1, 1877, amount expended during fiscal year. 180,936 68 

July 1, 1877, outstanding liabilities. 3,573 34 

- 184,310 02 


July 1, 1877, amount available 


119,831 44 


Amount (estimated) required for completion of existing project. 3,213,127 55 

Amount that can be profitably expended in fiscal year ending June 30,1879. 600,000 00 

(See Appendix D 2.) 


3. Dredging mud bars in Hudson River , opposite Jersey City .—No work 
was done during the year. An examination and survey of that portion 
of the river dredged during the years 1873 and 1870 shows that at least 
two-thirds of the amount excavated has been replaced by the action of 
the currents; leaving nearly the same depth of water as existed before 
the dredging was doue. 

No farther dredging is recommended until some plan of improvement 
which gives promise of being permanent is devised. 


July 1, 1876, amount available. 

July 1, 1877, amount expended during fiscal year... 

Amount (estimated) required for completion of existing project... 

(See Appendix D 3.) 


$101 05 
101 05 
76,807 20 


4. Improvement of Harlem River, J\ T eic York. —No appropriation having 
been made for this work, no operations were conducted during the year. 

Amount (estimated) required for completion of existing project...,.$146,875 56 

Amount that can be profitably expended in fiscal year ending June 30,1879. 50,000 00 

(See Appendix D 4.) 


5. Improvement of Passaic River , New Jersey .—Work was commenced 
in May, 1877, for the removal of loose stones and bowlders from the 
sides of the cut at Rutherford Park bar, and up to the close of the year 
395 cubic yards of stone had been removed and 685 feet of channel 
cleared. 


July 1,1876, amount available. $463 47 

Amount appropriated by act approved August 14, 1876. 10,000 00 


July 1, 1877, amount expended dtfring fiscal year 


10,463 47 
1,898 01 


July 1, 1877, amount available 


8,565 46 


Amount (estimated) required for completion of existing project. 24,000 00 

Amount that can be profitably expended in fiscal year euding J une 30,1879 . 24,000 00 

(See Appendix D 5.) 

6. Improvement of East Chester Creek , New JorA;.—The State commis¬ 
sioners appointed to purchase and condemn the marsh land through 
which the proposed channel runs having completed their labor, and se¬ 
cured to the United States the necessary ground and right of way, con¬ 
tract was made for dredging, piling, and rock excavation, and on April 
16, 1877, work was commenced, and has progressed as favorably as the 
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circumstances would allow; 906 cable yards of rock have been removed. 


and 5,936 cubic yards of mod dredged. 

July 1,1876, amount available.....$30,880 82 

July 1,1877, amount expended during fiscal year...$1,101 95 

July 1,1877, outstanding liabilities. 1,010 46 

-2,112 41 

July 1,1877, amount available. 28,708 41 

Amount (estimated) required for completion of existing project. 99,500 00 


Amount that can be profitably expended in fiscal year ending June 30,1879. 35,000 00 
(See Appendix D 6.) 

7. Improvement of harbor at Port Chester , New York .—•No appropria¬ 
tion having been made for this work, no operations were conducted 


during the year. 

July 1,1876, amount available.:$2,236 70 

July 1,1877, amount expended during fiscal year. 36 70 

July 1, 1877, amount available. 2,200 00 

Amount (estimated) required for completion of existing project. 84,632 00 


Amount that can be profitably expended in fiscal year ending Jone 30,1879.. 60,000 00 

(See Appendix D 7.) 

8. Improvement of harbor at Rondout , New York. —During the winter 
of 1876 and 1877 the ice destroyed about 200 feet of the north dike and 
caused considerable damage to other portions of the dike; this damage 
was repaired by hired labor. 

Under appropriation of Augnst 14,1876, contract was made for the 
construction of the branch dike 870 feet long, and work was commenced 
about Jane 20,1877. 

July 1,1876, amount available.. $9 31 

Amount appropriated by act approved August 14, 1876 . 30,000 00 

- $30,009 31 

July 1,1877, amount expended daring fiscal year. 6,719 54 

July 1,1877, outstanding liabilities. 5,193 90 

• 11,913 44 

July 1, 1877, amount available... 18,095 87 

Amount (estimated) required for completion of existing project.$111,500 00 

Amount that can be profitably expended in fiscal year ending June 30,1879. 70,000 00 

(See Appendix D 8.) 

9. Improving the channel beticeen Staten Island and New Jersey .—No 
work has been done at this point daring the year. Efforts are now 
being made to find out from those most largely interested in the improve¬ 
ment of this channel, what, in their opinion, the needs of commerce 


require. 

July 1,1876, amount available. $229 74 

Amount appropriated by aot approved August 14, 1876. 10,000 00 

10,229 74 

July 1, 1877, amount available. 10,229 74 

Amount (estimated) required for completion of existing project % . 30,480 00 

(See Appendix D 9.) 


10. Improvement of harbor of Plattsburgh, New York .—Dating the year 
no operations have been conducted. 


July X, 1876, amount available. $4,941 52 

July 1,1877, amount available. 4 t 941 52 

(See Appendix D 10.) 
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* 11. Improvement of harbor at Burlington , Vermont —The superstruc¬ 
ture of the extension of ICO feet of breakwater has been completed, and 
work on the repairs to the southern end of the breakwater has been 
commenced and carried up to within two.courses of the necessary 
height. 


July 1, 1876, amount available. $7,590 71 

Amount appropriated by act approved August 14,1876. . 20,000 00 


27,590 71 

July 1, 1877, amount expended during fiscal year... 12,113 56 


July 1, 1877, amount available 


15,477 15 


Amount (estimated) required for completion of existing project. 295,000 00 

Amount that can be profitably expended in fiscal year ending June 30,1879. 50,000 00 

(See Appendix D 11.) 

12. Improvement of harbor at 8wanton } Vermont —The superstructure 
of an extension of 69 feet of breakwater has been completed. 

No new work has been commenced under the appropriation of August 
14,1876, of $2,000, as the amount is not sufficient to build a crib large 
enough to withstand the ice-pressure brought against this work in the 
spring. 


July 1,1876, amount available. 1 .. $3,411 85 

Amount appropriated by act approved August 14, 1676. 2,000 00 


5,411 85 

July 1,1877, amount expended during fiscal year. 2,801 20 

July 1, 1877, amount available. 2,610 65 


Amount (estimated) required for completion of existing project. 237,160 00 

Amount that can be profitably expended in fiscal year ending June 30,1879. 50,000 00 

(See Appendix D 12.) 


13. Improvement of Otter Creek , Vermont —No appropriation having 
been made, no operations were conducted during the year. 


July 1,1876, amount available. $63 69 

July 1, 1877, amount expended during fiscal year. 7 85 

July 1,1877, pmount available. 55 84 


Amount (estimated) required for completion of existing project. 43,146 00 

Amount that can be profitably expended in fiscal year ending June 30,1879.. 20,000 00 

(See Appendix D 13.) 


CONSTRUCTION OF PIER AT LEWES, DELAWARE—HARBOR IMPROVE¬ 
MENTS ON DELAWARE RIVER AND BAY—IMPROVEMENT OF THE 
NAVIGATION OF DELAWARE AND SCHUYLKILL RIVERS; OF BROAD- 
KILN RIVER, DELAWARE; AND OF SHREWSBURY RIVER AND COHANSEY 
CREEK, NEW JERSEY—DELAWARE BREAKWATER HARBOR. 

Officer in charge, Lieut. Col. J. D. Kurtz, Corps of Engineers, with 
Capt. William Ludlow, Corps of Engineers, under his immediate orders. 

1. Construction of pier near Lewes % Delaicare. —During the last fiscal 
year a steam-engine has been purchased as the motive power on the con¬ 
struction of the pier; two bays have been constructed of material left 
on hand in the fail of 1875, and twenty more pile-shafts, with the neces- 
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sary parts, have been ordered from the lowest bidders for supplying the 
material. 

Dariug the present fiscal year it is proposed to pat in place all of this 
material, and to pat down a corresponding portion of the timber super¬ 
structure. This will make the entire length of the structure 1,659 feet. 

Next year it is proposed to complete the work by finishing the outer 
end; by surrounding the pier-head with a suitable fender system; by 
placing buoyed anchors for vessels to moor to when lying at the pier; 
and by laying a railroad-track 2,700 feet long on the pier and to the 
limit of the United States land, to enable the railroads of the locality to 
connect with and use the landing pier. 


July 1,1876, amount available.. $75 43 

Amount appropriated by act approved August 14, 1876. 30,000 00 

-$30,075 43 

July 1,1877, amount expended during fiscal year. 9,253 80 

July 1,1877, outstanding liabilities. 9,500 00 

- 18,753 80 


July 1,1877, amount available. 11,321 63 

Amount (estimated) required for completion of existing project. 50,600 00 

Amount that can be profitably expended in fiscally ear ending J une 30,1879. 50,600 00 

(See Appendix E 1.) 


2. Ice-harbor at New Castle , Delaware .—A contract for the removal of 
110 feet iu length of the coal wharf below the piers, in addition to the 
108 feet removed last year, has been executed and the work commenced. 

The construction of the crib foundation of a new ice-pier, the last 
contemplated by the present plan of improvement, will be completed 
the present year, leaviug the platform of the crib at the level of low 
water in readiness for the stone superstructure. 

Next year it is proposed to complete this pier and dredge out the 
accumulated sediment in the lower part of the harbor, for which pur¬ 
pose an appropriation of $24,000 is asked by the officer in charge. 


July 1, 1876, amount available.$3,094 40 

Amount appropriated by act approved August 14, 1876 . 12,000 00 


July 1,1877, amount expended during fiscal year 


15,094 40 
676 13 


July 1,1878, amount available. 14,418 27 

Amount (estimated) required for completion of existing project. 28,500 00 

Amount that can be profitably expended iu fiscal year ending June 30,1879.. 24,000 00 

(See Appendix E 2.) 


3. Harbor of Wilmington , Delaware .—During the past year work has 
been in progress along the channel of the river just above the light¬ 
house; just below the mouth of Brandywine Creek; just above Third 
street on the north, and above Market street on the south side of 
channel. The result has been the removal of soft mud deposits, and an 
increase in the width of the channel in each case, affording 12 feet depth 
of water at low tide. The amount of material removed was 88,000 cubic 
yards. 

It is proposed the present season to remove from the channel-way 
near the mouth of the Brandywine Creek about 5,000 cubic yards of 
mud, and from the south side of channel just below Third street about 
210 cubic yards of fast rock. 

Next season it is proposed to remove, by dredging between a point 
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near the buoy depot and Market street, about 80,000 cubic yards of 
material. This will require an appropriation of $17,000. 

July 1,1876, amount available. $190 29 

Amount appropriated by act approved August 14, 1876..*^.,.. 16,000 00 

- $16,120 29 

July 1,1877, amount expended during fiscal year. 3,606 48 

July 1,1877, outstanding liabilities. 5,932 80 

- 9,539 28 


July 1,1877, amount available 


6,581 01 


Amount (estimated) required for completion of existing project. 20,000 00 

Amount that can be profitably expended in fiscal year ending June 30,1879. 17,-000 00 

(See Appendix E 3.) 

4. Harbor at Marcus Hoolc , Pennsylvania .—There has been no material 
change in the condition of this harbor daring the past year. Daring 
the winter about 208 vessels, mostly large ones, took shelter here from 
heavy floating ice. 

Daring the present season it will be advisable to make repairs to the 
two landing-piers, the upper timbers of which are fast going to decay. 
These repairs, together with slight repairs that are requisite to the upper 
stone ice-pier, will require an expenditure of about $2,200. 

It is proposed to examine these piers with a view of placing a rock 
protection about their bases, if required. 


July 1 , 1876, amount available ... $6,701 91 

July 1,1877, amount expended during fiscal year. 359 00 

July 1, 1877, amount available. 6,342 91 

(See Appendix E 4.) 


5. Iceharbor at Chester , Pennsylvania .—During the fiscal year ending 
June 30, 1877, repairs have been made to the upper ice-piers and bulk¬ 
head, and the connecting bridges were reconstructed. The work was 
done by hired labor and purchase of material in open market, at a cost 
of $2,600. 

This harbor was of much benefit to vessels the past winter. It afforded 
shelter to 25 large-class schooners, several tug-boats, barges, and other 
floating property. 


Amount appropriated by act approved August 14, 1876....$2,600 00 

July 1, 1877, amount expended during fiscal year. 2,600 GO 

(See Appendix E 5.) 


6. Improvement of Schuylkill River, Pennsylvania .—During the past 
year operations for improving this river have been confined to the mouth 
and vicinity upward toward Girard Point, with a view of deepening the 
channel to 24 feet at ordinary low tide. About 50,000 cubic yards of 
material have been removed. 

Daring the present season it is proposed to continue the dredging at 
the mouth of the river, increasing the width of the deep-water channel 
with each cut; and remove about 18,000 cubic yards of material from 
the channel near Gibson’s Point, so as to afford 20 feet depth of water 
at low tide. 

Next year it is proposed to complete the deep channel at the mouth; 
remove 3,000 cubic yards of gravel from the cut just above Penrose 
Ferry bridge; remove about 400 cubic yards of fast rock from the chan¬ 
nel at Gibson’s Point, and 50,000 cubic yards of sand and gravel from 
the channel between “Gibson’s” and Gray’s Ferry bridge,the latter work 
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to be executed with a view of affording 18 feet depth of water at low 
tide above Gibson’s Point. 


July 1,1876, amount available. $99 86 

Amount appropriated by act approved August 14,1876. 30,000 00 

- $20,099 85* 

Jnly 1,1877, amonnt expended during fiscal year. 6,096 06 

July 1, 1877, outstanding liabilities. 2,534 71 

- 8,630 77 


July 1,1877, amount available 


11,469 08 


Amount (estimated) required for completion of existing project. 209,700 00 

Amonnt that can be profitably expended in fiscal year ending June 30,1879. 65,000 00 

, (See Appendix E 6.) 


7. Improvement of Delatcare River below Petty ’t Island .—Daring the 
fiscal year ending June 30, 1877, operations have been directed to the 
improvement of the navigation of the river at Fort Mifflin Bar, where 
the artificial cut has been widened at the entrance to the New Jersey 
channel by the removal of about 100,000 cubic yards of sand, and to the 
removal of a wreck sunk at a point just below the Horseshoe Buoy. 

During the present season it is proposed to complete the excavation 
at the south end, at Fort Mifflin Bar; to commence and complete addi¬ 
tional excavations at the north end of the channel, with a view of widen¬ 
ing the same at the entrance to the Pennsylvania channel, which will 
require the removal of about 50,000 cubic yards of material; to remove 
a wreck from the channel just above Pea-Patch Island, and one from 
the channel just above the “ Buoy of the Middle,” Delaware Bay; to 
resume the improvement of the channel upon the northern and western 
side at Bulkhead Shoals, and to survey the locality of the improved 
channel at Fort Mifflin Bar. 

Next season it is proposed to continue the removal of shoal points 
along the easterly side of Bulkhead Channel, lower down the river. 


Amount appropriated by act approved August 14,1876. $40,000 00 

July 1,1877, amount expended during fiscal year.. ...$14,163 95 

July 1, 1877, outstanding liabilities... 5,162 08 

- 19,326 03 


July 1,1877, amount available 


20,673 97 


Amount (estimated) required for completion of existing project. 235,000 00 

Amount that can be profitably expended in fiscal year ending June 30,1879. 100,000 00 

(See Appendix E 7.) 


8. Improvement of Delaware River , beticeen Trenton and White Hilly 
New Jersey.—Operations for improving the river at this locality closed 
in the fall of 1875. owing to the exhaustion of the appropriation. A 
channel had then been made around Periwig Island 125 feet in width 
and 6 feet depth of water at low tide. 

Next year it is proposed, should an appropriation be made, to con¬ 
tinue the improvement at the same locality, in maintaining its depth 
and increasing its width. 

Amount (estimated) required for completion of existing project.$30,000 00 

Amount that can be profitably expended in fiscal year ending June 30,1879. 10,000 00 

(See Appendix E 8.) 


9. Improvement of Broadhiln River , Delaware .—Operations for the im¬ 
provement of this river ceased in the spring of 1874. 

Should an appropriation be made, it is proposed next year to con¬ 
tinue the work by dredging the river at the shoal places, and excavat- 
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ing an inlet into the bay at the junction of the Broadkiln and Lewes 
Creeks. 

Amount (estimated) required for completion of existing project.$70,447 00 

Amount that can be profitably expended in fiscal year ending June 30,1879. 10,000 00 

(See Appendix E 9.) 

10. Improvement of the north and south branches of the Shrewsbury 
River , New Jersey .—Operations for improving this river ceased in 1873, 
for want of funds. 

Should an appropriation be made, work will resume next season by 
dredging at Upper and Lower Kocky Points, and by constructing a de¬ 
flecting dike at the latter point. 

Amount (estimated) required for completion of existing project.$18,000 00 

Amount that can be profitably expended in fiscal year ending J une 30,1879. 18,000 00 

(See Appendix E 10.) 

11. Improvement of Cohansey Creek , New Jersey .—No appropriation 
was made for the fiscal years ending June 30,1875, 1876, and 1877, for 
continuing this improvement. 

An appropriation is recommended by the officer in charge for widen¬ 
ing and deepening the channel in accordance with the original project 
for the work. 

Amount (estimated) required for completion of existing project.$20,000 00 

Amount that can be profitably expended in fiscal year ending J une 30,1879. 10,000 00 

(See Appendix E 11.) 

12. Delaware Breakwater. —There is no material change in the condi¬ 
tion of this work since my last annual report. N 

The Western Union Telegraph Company still have a station here, and 
operate their line, connecting with the land by cable laid along the bot¬ 
tom of the harbor. 

The use of the harbor as a port of call for transatlantic shipping is 
largely increasing, as will be seen by the tabular statement in the ap¬ 
pendix. 

(See Appendix E 12.) 

13. Fort Warden# Line, Philadelphia , Pennsylvania. —This question 
remains as last reported, nothing on the subject having been heard from 
the municipal authorities of Philadelphia. 

Measures for the widening of Delaware avenue have been taken by 
the councils of the city. 

IMPROVEMENT OF HARBORS AND RIVERS OF CHESAPEAKE BAY, MARY¬ 
LAND ; OF JAMES AND APPOMATTOX RIVERS, VIRGINIA ; OF GREAT 

KANAWHA RIVER, WEST VIRGINIA ; OF NEW RIVER, VIRGINIA AND 

WEST VIRGINIA, AND OF CAPE FEAR RIVER, NORTH CAROLINA. 

Officer in charge, Maj. William P.Craighill, Corps of Engineers, who has 
had under his immediate orders during the fiscal year Capt. C. B. Phil¬ 
lips and Lieut. Thomas Turtle, Corps of Engineers, and since November, 
1876, Capt. J. W. Cuyler, Corps of Engineers. 

1. Improvement of Chester River at Kent Island Narrows , Maryland .— 
The appropriations for this work have been: March 3, 1873, $15,000; 
June 23,1874, $5,000; and August 14,1876, $5,000; but owing to causes 
of delay, explained in previous reports, nothing was done in carrying 
out the project until May, 1875. 

On the 30th of June, 1876, the portion of the work on the Easton Bay 
side has been completed, the width of channel having been reduced, 
however, to 80 feet instead of 100 feet as at first contemplated. 
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On the Chester River side the channel had been dredged to 80 feet in 
width over the entire distance, and an additional cut was being made, 
making the total width 100 feet, as at first proposed. The causeway 
had also been cut through to the full width (60 feet) allowed by the 
draw, which had previously been built by the county authorities of 
Qneen Anne and Talbot. 

Operations ceased on the 7th of July, 1876, the available funds being 
exhausted. An examination of the entire channel, made immediately 
after, indicated that the channel was maintaining itself well, both as 
to width and depth. 

Of the appropriation of $5,000, made August 14,1876, only $1,000 
became available for expenditure in September. 

It was proposed to expend this amount at once in giving relief to 
navigation by cutting through the causeway under the counterpoise of 
the draw, to give additional vent to the water, by riprapping at the cen¬ 
tral pier and the abutments, and by the construction of pile-wings at 
the passage through the draw. 

This plan was reudered inexpedient on account of the condition of 
the causeway, which was badly broken up by the severe storm of Sep¬ 
tember 17,18. 

In April last an examination of the entire channel was made. It 
was found that it had maintained itself well. 

At an inspection of the causeway and draw, made during the early 
part of June, it was found that the county authorities had put both in 
a condition sufficiently good to warrant the General Government in going 
on with the improvement of the channel. 

Operations were resumed on the 11th of June, and consisted in cut¬ 
ting out the causeway under the counterpoise of the draw, giving addi¬ 
tional vent to the water; in riprapping the central pier and the counter¬ 
poise abutment; in the construction of four pile-wings to facilitate the 
passage of shipping through the draw, and in marking the entire length 
of the channel with guide-piles. 

This work was completed on the 28th of June. Since that date a 
dredge has been engaged by the day for cutting otf some sharp turns in 
the channel, particularly on the Easton Bay side of the causeway. It 
is proposed to continue this dredging as long as available funds will 
permit. 

The balance ($4,000) of the appropriation of August 14,1876, was 
rendered available on March 31 last. 

The original estimate for this improvement was $23,000. Twenty- 
five thousand dollars were appropriated in all up to June 30, 1877; but 
owing to long and unavoidable delays and consequent increase of 
expenses, this sum has not quite completed the work estimated for. 

Occasional repairs will be required to keep this channel open when 
completed. Their cost will probably average $3,000 per year. This 
amount can be profitably expended in the fiscal year ending June 30, 


1879. 

July 1,1876, amount available.$5,374 15 

Amount appropriated by act approved August 14, 1876. 5,000 00 

10,374 15 

July 1,1877, amount expended during fiscal year. 6,340 9*2 

Inly 1,1877, amount available... 4,033 23 

Amount (estimated) required for completion of existing project. 3,000 00 

Amount that can be profitably expended in fiscal year ending Jnne 30,1879.. 3,000 00 

(See Appendix F 1.) Digitized by GoOQk 
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2. Improvement of the entrance to the harbor of Baltimore , Maryland .— 
During the past fiscal year operations have been confined to dredging at 
the upper end of the Fort McHenry Channel, with a view to widening 
the entrance to the inner harbor of Baltimore ; and at the lower end of 
the Brewerton Channel, with a view to restoring v tbe original depth of 
the channel below North Point. On June 30,1876, work remained sus¬ 
pended, the appropriation having been exhausted early in June. 

By act of Congress approved August 14,1876, an appropriation of 
$75,000 was made for the work, but none of this amount became availa¬ 
ble for expenditure until September 14, when an allotment of $40,000 
was made. 

Examinations of portions of the channel were at once commenced, to 
ascertain the points most in need of attention. The resulting maps 
having been prepared, the two points specified above were determined 
upon as most in need of improvement, and proposals were invited and 
opened on November 1, for the removal of 240,000 cubic yards of ma¬ 
terial. 

A contract for this amount of dredging was entered into at the rate 
of 9f oents per cubic yard. The contract required the work to be com¬ 
menced December 1,1876, but owing to delays caused by an accident 
to the contractor’s machinery while en route from the North, and an 
unprecedented amount of ice in the harbor, operations were not com¬ 
menced until March 7, 1877. On this date dredging was commenced 
at the upper end of the Fort McHenry Channel and completed on the 
2d of May. Two wedge-shaped pieces were removed, one on either 
side of the channel, affording a total width of 750 feet opposite Lazaretto 
Point, the widening commencing about 1,200 feet below. All this 
dredging was to a depth of 25 feet at ordinary low-water. Ninety- 
four thousand cubic yards of material were removed from this locality. 
Dredging was then commenced at the lower end of the Brewerton 
Channel below North Point. An interior cut 45 feet from the north 
side of the channel, which was left incomplete in June, 1876, has been 
completed, and three additional interior cuts have also been made 
during the balance of the fiscal year, thus conpleting the contract for 
dredging 240,000 cubic yards, and leaving this portion of the channel, 
to the extent of five-sevenths of its width, in better condition than 
ever before, all the dredging being to 25 feet in depth at ordinary 
low-water. 

The balance ($35,000) of the appropriation of August 14,1876, was 
rendered available in April last. Proposals were at once invited, and 
opened on June 1, for the dredging of 300,000 cubic yards of addi¬ 
tional material. A contract was entered into for the execution of this 
amount of work at the rate of 9| cents per cubic yard. The contract 
requires the work to be commenced on July 1, 1877, and to be com¬ 
pleted on June 30, 1878. It is proposed to dredge to this extent in com¬ 
pleting the deepening of the Brewerton Channel from its lower end as 
far as opposite North Point; in enlarging the turning place at the junc¬ 
tion of Brewerton and Craighill Channels; and in making an entirely 
new cut through the Brewerton Channel, thus giving an additional 
width of 40 feet. 

The original project for this work contemplated a channel snch as 
would admit of vessels drawing 22 J or 23 feet to come to the city of Bal¬ 
timore at any ordinary stage of the tide. The object has been attained 
so far as depth is concerned; but the channel is still deficient in width 
throughout. 


Digitized by LjOOQle 



REPORT OP THE CHIEF OP ENGINEERS. 


5 & 

Sine© the pr&etic&l completion of the channel in 1874, the annual 
appropriations have been but little in excess of the amount ($50,000) 
which it was estimated would be required for annual reparations. All 
the funds that could be spared for the purpose, however, have been 
devoted to giving increased width to the channels, particularly at the 
turning places at their junctions with each other. Considerable relief 
has thus been afforded to shipping, but more is needed. 

No appropriation was made for the coming fiscal year ending June 
30,1878. One hundred and thirty-five thousand dollars were asked for 
that year, which would have filled the estimated cost of the existing 
project, and provided for the annual reparations. To this sum add 
$50,000 for reparations for the year, and we have, as the amount that 
can be profitably expended in fiscal year ending June 30,1879, $185,000. - 


July 1,1876, amount available.. $794 68 

Amount appropriated by aet approved Angnat 14, 1876........ 75,000 00 

-*75,794 68 

July 1,1877, amount expended during fiscal year.. 90,265 72 

July 1,1877, outstanding liabilities. 9,497 05 

- 29,762 77. 


July 1,1877, amount available 


46,031 91 


Amount (estimated) required for completion of existing project. 185,000 00 

Amount that can be profitably expended in fiscal year ending June 30,1879. 185,000 00 

(See Appendix F 2.) 

3. Improvement of Wicomico River , near Salisbury , Maryland .—Opera¬ 
tions have remained suspended during the whole of the past fiscal year. 

The original plan of improvement was to dredge a channel 75 feet in 
width ana 7 feet in depth from the bay np to the town of Salisbury, and 
deposit tins material behind longitudinal dikes. For want of sufficient 
appropriations, and the unexpected amount of diking required to be 
done by the Government, the plan was modified so as to contemplate a 
channel only 50 feet in width and 5 feet in depth. When work was 
suspended in January, 1876, the appropriation being exhausted, the 
modified plan had been carried out, with the exception of a short space, 
which had a width of but 28 feet, for want of funds. 

The act of August 14,1876, appropriated an additional snm of $5,000 
for this work, which remained unavailable, however, until March 31, 
1877. A re-examination of the channel was made in the early part of 
May. It was found that the channel had stood quite well, except in the 
vicinity of the wharves at the town. The shoaling at the latter points 
appears to be due in a great measure to the deposition of saw-dnst from 
the mills above. The dikes were found to be in good condition. 

Arrangements have been made for recommencing work, which will 
consist in dredging. It is expected that the amonut available will be 
sufficient to give a width of 70 feet to the channel through its entire 
length, retaining the present depth of 5 feet, and to redredge the turn¬ 
ing basin, and in front of the wharves. 

It is estimated that from three to four months will be required to exe¬ 
cute the work contemplated. 

The appropriations have been: June 10,1872, $5,000; March 3,1873, 
•5,000; June 23,1874, $5,000; March 3,1875, $5,000; and August 14, 
1876, $5,000; total, $25,000. 

No appropriation was made for the fiscal year ending June 30,1878. 
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Should the original plan be carried out an appropriation of $15,000 


will still be required. 

July 1,1876, amount available... $71 04 

Amount appropriated by act approved August 14,1876... 5,000 00 


July 1, 1877, amount expended during fiscal year 


5,071 04 
370 34 


July 1, 1877, amount available 


4,700 70 


Amount (estimated) required for completion of existing project. 15,000 00 

Amount that can be profitably expended in fiscal year ending June 30,1879. 7,500 00 

(See Appendix F 3.) 

4. Improvement of James River , Virginia .—Work on this river, which 
had been suspended in March, 1876, for want of funds, was resumed 
about the middle of September, 1876, when $40,000 of the appropriation 
of $60,000 of August 14,1876, became available for expenditure. !No 
contracts have been made. The work has been partly done with ma¬ 
chinery belonging to the United States and partly with machinery be¬ 
longing to the city of Richmond, which has been hired and operated, as 
in the previous year, by the United States, the rental not exceeding the 
cost to the city of necessary repairs. 

The following statement shows the cubic yards of material removed : 
Channel between the Brewery and Almond Creek, earth, 26,655 yards; 
rock, 727 yards; new channel at Goode’s Rocks, earth, 3101 yards; rock, 
1302 yards. The city of Richmond has taken about 20,000 yards of earth 
from the channel below the Brewery, and about 20 yards of rock. There 
have been removed also by the James River Canal Company and by 
the Old Dominion Steamship Company about 9,000 yards of sand at 
their own expense. Three thousand eight hundred and sixty-three lin¬ 
ear feet of timber groins have been built at the bars for the purpose of 
contracting the water-way and by scour producing a greater depth. 
The experiment of their use on this river has been thus far successful, 
though its extent has been limited for want of funds. 

The Dutch Gap cut-off remains at 180 feet width at the surface of the 
water, and has a depth of about 15 feet at low-tide. It can be used by 
all classes of vessels coming to Richmond, but would be improved and 
made more satisfactory to navigators by a further enlargement. 

It is estimated now that the removal of 2,800 cubic yards of sand and 
gravel would give a channel 100 feet wide and 12J feet deep at mean 
low-water from Rockett’s Reef to Hampton Roads, which is equivalent 
to 16 feet at high water; but a greater width and depth are both re¬ 
quired for the accommodation of the growing commerce on the river. 


July 1,1876, amount available... $104 59 

Amount appropriated by act approved August 14, 1376 . 60,000 00 


60,104 59 

July 1, 1877, amount expended during fiscal year. 43,201 67 

July 1,1877, amount available. . . 16,902 92 


Amount (estimated) required for completion of existing project. 258,024 00 

Amount that can be profitably expended in fiscal year ending June 30,1879. 150,000 00 

(See Appendix F 4.) 

5. Improvement of the Appomattox River, Virginia .—The operations of 
the year have not been extensive. Work for widening the Puddledock 
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Channel to abont 100 feet was completed August 31, 1876, under a con¬ 
tract of December 31,1875. The cut is now sufficiently wide, under ex¬ 
isting circumstances, and has a depth permitting vessels drawing 10£ 
feet to pass with ease. The old channel of the river is seldom used. 

8ince the allotment in September, 1876, of $15,000, from the appro¬ 
priation of $30,000, made August 14,1876, work has been confined to 
raising the banks of the new channel at several low places, where the 
river threatened to break through in high freshets. This was completed 
in Jane, 1877. Nothing further seems now necessary for this channel. 

Attention will next be given at an early day to the portion of the 
river between the city of Petersburg and the upper end of the new 


channel. 

July 1, 1876, amount available. $7,613 17 

Amount appropriated by act approved August 14, 1876. 30,000 00 


37,613 17 

July 1,1877, amount expended daring fiscal year. 22,042 08 


Joly 1,1877, amount available. 15,571 09 


Amount (estimated) required for completion of existing project. 83,000 00 

Amount that can be profitably expended in fiscal year ending June 30,1879. 50,000 00 

(See Appendix P 5.) 

6. Improvement of Great Kanawha River , West Virginia .—At the close 
of the year ending June 30,1876, the following contracts were in force: 
August 20,1875, for building lock No. 5, near Brownstou; October 15, 
1875, for building lock No. 4, near Cabin Creek Shoal; March 28,1876, 
for building the dam, abutment, pier, and floor of a navigation-pass ad¬ 
joining lock 5. 

An additional appropriation of $270,000 was made by the act of Au¬ 
gust 14,1876, of which $15,000 became available in September, 1876, 
$170,000 in January, 1877, and the remaining $85,000 in March, 1877. 
Additional contracts were made thereafter, as follows: May 1,1877, 
for building a dam, abutment, pier, and floor of a navigation-pass ad¬ 
joining lock No. 4 - y and May 23, 1877, for the iron-work of the pass and 
wierof dam 5. 

Owing to an unusual frequency of freshets, the working season of 
1876 was mnch shortened, and operations proportionally delayed. Ad¬ 
vantage was, however, taken of every suitable day to lay masonry in 
the foundations. Much stone and other material has been prepared and 
is in readiness for introduction into the structures, and it is certainly 
expected that they will be well advanced before the close of 1877, un¬ 
less there should be a recurrence of the freshets which were so frequent 
in 1876. 

Negotiations are in progress, under the direction of the United States 
district attorney for West Virginia, for the acquisition of the necessary 
site for lock and dam No. 3, near the mouth of Paint Creek. 

In continuation of the plan of ameliorating the condition of some of 
the worst shoals which obstruct navigation at points not affected by the 
permanent works now in hand, a small sum has been expended at Bed 
House Shoal. It has not been considered necessary or expedient to 
make expenditure of this kind at any other point. 

A series of observations have been made at several points on the New 
Kver below the mouth of the Greenbrier, for the purpose of determin¬ 
ing the effect of freshets in the New River upon the regimen of the 
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Kanawha. Some observations have also been made on the Elk Biver 
with a similar object. 


July 1,1876, amount available.. (871,460 49 

Amount appropriated by act approved August 14, 1876. 270,000 00 

-$541,460 49 

July 1,1877, amount expended during fiscal year..... 93,875 85 

July 1, 1877, outstanding liabilities.. 25,266 47 

- 119,142 32 


July 1, 1877, amount available...... 422,318 17 


Amount (estimated) required for completion of existing project. 3,582,000 00 

Amount that can be profitably expended in fiscal year ending June 30,1879. 500,000 00 

(See Appendix F 6.) 

7. Improvement of New River, from the lead-mines in Wythe County , Vir¬ 
ginia, to the mouth of the Greenbrier River , West Virginia .—A survey of 
this portion of the New River was made in 1872. A report was printed 
in the aunual report of the Chief of Engineers for 1873. Two estimates 
were submitted—one looking to an improvement to facilitate the navi¬ 
gation by the keel-boats now used, at a cost of $100,000; the other con¬ 
templating a 3-foot steamboat navigation, to cost $1,000,000. 

The first appropriation for the work was $15,000, August 14, 1876; 
but it was not made available until May, 1877. As this appropriation 
was insufficient for a general improvement, it seemed necessary to con¬ 
fine what should be done at present to a limited portion of the river, 
and to that scheme which involved the least expense, viz, for the keel- 
boats now in use, it being the understanding that what is first done in 
the smaller improvement should be arranged with a view to its utiliza¬ 
tion and adaptation some future day, when the means provided shall 
suffice to enter upon the improvement of the river for light steamboats. 

It seemed also expedient that the first portions of the river treated 
should be in the vicinity of New River bridge, in order to facilitate 
communication of at least a portion of the country through whioh the 
river flows with an existing outlet east aud west—the Virginia and Ten¬ 
nessee Railroad—which is itself in connection with the whole system of 
rail and water intercommunication of the country. 

It is expected that the work will be completed, as far as the funds 


available will allow, before the close of 1877. 

Amount appropriated by act approved August 14, 1876.....$15,000 00 

July 1,1877, amount expended during fiscal year....... 78 25 

July 1,1877, amount available. 14,921 75 


Amount (estimated) required for completion «f existing project. 85,000 00 

Amonnt that can be profitably expended in fiscal year ending June 30,1879. 50,000 00 

(See Appendix F 7.) 

8. Improvement of the Cape Fear River, North Carolina .—Very little 
conld be done in this important work during the first half of the fiscal 
year, owing to the want of funds. An appropriation of $132,500 was 
made by the act of August 14, 1876, of which $110,000 became avail¬ 
able toward the latter part of September. Proposals for stone for con¬ 
tinuing the closing work at New Inlet were immediately invited, but it 
became expedient to reject those first received, and a second call was 
necessary. The lowest of the new bids was accepted, but the delivery 
of stone conld not be commenced until some time in January. The 
contract provided for the delivery of 45,000 cubic yards. Up to June 
30, over 20,000 yards had been put upon the work between Zekefa and 
Federal Points, bringing it up to low-water mark for about two-fifths of 
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its length, without, however, giving it the full width. It is expected 
that this work will be brought up to the level of low-water throughout 
its whole length by the end of 1877. 

Dredging should be resumed on the Baldhead Bar, but this cannot 
be done until the suction-dredge shall have been repaired and some 
important improvements applied to her, for which funds are not now 
available. 

The width of the channel at the “ Logs,” which is now 130 feet, should 
be increased to 250 feet. More dredging will be required at the upper 
end of the cut behind the Horseshoe Shoal, when the closure of New 
Inlet shall have enabled the direction of the portion of the cut opposite 
New Inlet to be more certainly defined. 

There is every reason to expect a favorable conclusion to this im¬ 
provement at no distant day, if sufficient funds be supplied for its proper 


progress. 

July 1,1876, amount available.$22,722 72 

Amount appropriated by aet approved August 14,1876. 132,500 00 

-$155,222 72 

July 1,1877, amount expended daring fiscal year. 63,434 12 

July 1,1877, outstanding liabilities... 3,856 35 

- 67,290 47 


July 1 1877, amount available. 87,932 25 


Amount (estimated) required for completion of existing project. 160,000 00 

Amount that can be profitably expended in fiscal year endiug June 30,1879. 160,000 00 

(See Appendix F 8.) 

IMPROVEMENT OF THE HARBORS OF WASHINGTON AND GEORGETOWN, 

DISTRICT OF COLUMBIA ; OF TRIBUTARIES OF THE LOWER POTOMAC ; 

OF RAPPAHANNOCK, ELIZABETH, AND NANSEMOND RIVERS, VIRGINIA ; 

OF RIVERS IN NORTH CAROLINA—IMPROVEMENT OF NORFOLK HAR¬ 
BOR. 

Engineer in charge, S. T. Abert, United States Civil Engineer. 

1. Harbors of Washington and Georgetown, District of Columbia .— 
The work of removing rocks from the harbor of Georgetown, which was 
in progress at the date of the last annual report, was continued until 
August 15, 1876, when the machinery was returned to the James River 
improvement. Three of the most dangerous rocks were removed, the 
amount of rock-excavation being 522 cubic yards. 

The results of these operations will be found in detail in the Appen¬ 
dix. 

The main ship-channel of the river, between the Virginia draw of the 
Long Bridge and Georgetown, has been rapidly filling up with sand 
and cUbris brought down by freshets. The preservation of a navigable 
depth through this channel is of vital importance to the Cumberland 
coal trade of Georgetown, in which numerous vessels are engaged, and 
an estimate has been prepared by the engineer in charge for dredging 
a channel 250 feet wide and 18 feet deep at low-water. The amount 
required for this purpose is $42,233. 

The Washington Channel along the immediate city front, between 
the arsenal and the Washington draw of the Long Bridge, has become 
so shoal as to seriously interfere with the trade of the city. As the 
channel is the only one by which steamboats and shipping can reach 
the city wharves, it should be deepened and widened to meet the wants 
of navigation. 
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The estimate for a channel 200 feet wide and 12 feet deep at low- 


water is $57,640. 

July 1,1876, amount available. $9,441 87 

July 1,1877, amount expended during fiscal year. 6,585 25 


July 1,1877, amount available .-. 2,856 62 


Amount (estimated) required for completion of existing project. 100,000 00 

Amount that can be profitably expended in fiscal year ending June 30,1876. 100,000 00 

(See Appendix G 1.) 


2. Accotink Creek , Virginia .—No work has been done during the year, 
as no funds have been available. 

The amount required to complete the work according to the original 
estimate is $14,000. 

(See Appendix G 2.) 

3. Occoquan River , Virginia .—As no appropriation has been made for 
this river, no work could be done. The channel at the mouth of the 
river, which has been partially re-excavated, should be completed. It 
is estimated by the engineer in charge that $5,000 will be required for 
this work, and $5,000 for the construction of a dike at the bar near 


Occoquan. 

July 1,1876, amount available... $422 01 

July 1,1877, amount expended during fiscal year. 220 00 


July 1,1877, amount available 


202 01 


Amount (estimated) required for completion of existing project. 10,000 00 

Amount that can be profitably expended in fiscal year ending June 30,1879. 10,000 00 

(See Appendix G 3.) 

4. Aquia Creek , Virginia .—No funds have been available for this 
work during the year. The estimate for its completion is, as in last 
annual report, $14,500. 

Amount (estimated) required for completion of existing project.$14,500 00 

Amount that can be profitably expended in fiscal year ending Jnue 30, 1879. 14,500 00 

(See Appendix G 4.) 


5. Nomini Creek , Virginia .—The dredging operations were resumed 
August 16, 1876, and suspended September 5, when the funds were 
exhausted. The channel was found to be in good condition, but should 
be further widened, as, owing to its exposed position, it is subject to 
. deposits of sand from the action of the tidal currents and winds. 

The improvement has been of much value to the trade of the adjacent 


country. 

July 1,1876, amount available.....$1,853 23 

July 1, 1877, amount expended duriug fiscal year. 1,853 23 


Amount (estimated) required for completion of existing project. 7,500 00 

Amount that can be profitably expended in fiscal year ending June 30,1879.. 7,500 00 

(See Appendix G 5.) 


6. Rappahannock River , Virginia .—The dredging operations at Fred¬ 
ericksburg have been continued under the appropriation of $10,000 
made August 14, 1876, and a dike has been constructed on the right 
bank of the river below the steamboat wharf. 

Owing to the continued deposits from freshets an annual appropria¬ 
tion of $7,500 will, in the opinion of the engineer in charge, be required 
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for dredging, and daring the next year $8,000 for building a dike for 
the deposit of the dredged material, as the present dikes are fall. 


July 1,1876, amount available. $400 75 

Amount appropriated by act approved August 14, 1876. 10,000 00 

-$10,400 75 

July 1,1877, amount expended during fiscal year. 7,481 74 

July 1, 1877, outstanding liabilities. 651 62 

- 8,113 36 


July 1,1877, amount available. 2,287 39 

Amount (estimated) required for completion of existing project. 59,500 00 


Amount that can be profitably expended in fiscal year ending June 30,1879. 15,500 00 

(See Appendix G 6.) 

7. Elizabeth River , Virginia .—The contract for the work under the 
appropriation of 85,000 made by the act of August 14, 1876, has been 
awarded. The work proposed is widening the “gap” about one mile 
below the lock of the Albemarle aud Chesapeake Canal and dredging a 
“cut-off ” near the lock to facilitate the entrance of vessels. 

Some further dredging is required to meet the wants of navigation, 
for which an appropriation of 85,000 is recommended. 


July 1, 1876, amount available. $118 02 

Amount appropriated by act approved August 14, 1876. 5,000 00 

5,118 02 

Joly 1,1877, amount expended during fiscal year. 128 13 

July 1,1877, amount available. 4,989 89 


Amount (estimated) required for completion of existing project. 5,000 00 

Amount that can be profitably expended in fiscal year ending June 30,1879. 5,000 00 

(See Appendix G 7.) 

8. Norfolk Harbor , Virginia .—An appropriation of $35,000 was made 
in the river and harbor act of August 14, 1876, for the improvement of 
this harbor, the work proposed being dredging a channel through the 
bar at the mouth of the southern branch of Elizabeth River. For the 
continuation of this work and for the removal of, wrecks $25,000 are 
asked by the engiueer in charge. 


Amount appropriated by act approved August 14, 1876.$35,000 00 

July 1,1877, amount expended during fiscal year... 289 15 

July 1,1877, amoant available. 34,710 85 


Amoant (estimated) required for completion of existiug project. 25,000 00 

Amoant that can be profitably expended in fiscal year endiug Juue 30,1879. 25,000 00 

(See Appendix G 8.) 

9. Nansemond River , Virginia .—The appropriation of $5,000, made 
August 14, 1876, will be expended in wideniug the channel at Suffolk, 
dredging a channel through Shingle Creek Bar, a short distance below 
Suffolk, and repairing a part of the old dike at Western Branch Bar. 
For the completion of the work $2,000 will be needed. 


July 1,1876, amoant available. $87 59 

Amoant appropriated by act approved August 14, 1876. 5,000 00 

5,087 59 

July 1,1877, amoant expended during fiscal year. 347 07 

July l, 1877, amoant available. 4,740 52 


Amount (estimated) required for completion of existing project. 2,000 00 

Amoant that can be profitably expended in fiscal year ending Juue 30,18<9. 2,000 00 


(See Appendix G 9.) 
5 E 
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10. Pamplico River , North Carolina .—An appropriation of $15,000 for 
the improvement of this river was made by the river and harbor act of 
August 14, 1870, and the work is now under contract. 

The operations proposed are, dredging uear the town of Washington, 
and the removal of pile obstructions at Hill’s Point, about 6 miles below 
Washington. 

Owing to the advantageous prices at which the work was let, the 
present appropriation will be sufficient for the proposed improvement. 


Amonnt appropriated by act approved August 14, 1876. $15,000 00 

July 1, 1877, amount expended during fiscal year. 363 96 

July 1, 1877, amount available. 14,636 04 

(See Appendix G 10.) 


11. Roanoke River , North Carolina .—The improvement of this river 
has been discontinued for want of funds. The operations of the year 
were seriously delayed by freshets and the sickness of the contractor’s 
men, the river being very unhealthy. 

If the work of removing snags is, resumed, the engineer in charge 
estimates that $4,000 will be needed. The trade of the river does not 
seem to warrant its present improvement, as at first proposed. 


July 1, 1876, amount available. $5,282 63 

July 1, 1877, amount expended during fiscal year. 5,100 65 

July 1,1877, amount available. 181 98 

Amount, (estimated) required for completion of existing project. 222,000 00 

Amount that can be profitably expended in fiscal year ending June ’.IQ, 1879. 4,000 00 

(See Appendix G 11.)! 


12. Perquimans River , North Carolina .—The snag-boats aud machinery 
heretofore employed on the Roanoke River have been transferred to this 
river, aud the stumps, &c., obstructing the channel are now being 
removed by hired labor, this method being more economical than by 
contract. 

No lurther appropriation will be required. 


Amount appropriated by act approved August 14, 1876.$2,500 00 

July 1, 1877, amount expended during fiscal year.. 345 86 

July 1 , 1877, amount available . 2,15i 14 

(See Appendix G 12.) 


13. French Broad River , North Carolina. —In the river and harbor act 
approved August 14, 1876, an appropriation of $10,000 was made for 
this river. As no instrumental survey of the river has ever been made, 
such a survey has been authorized in order to obtain the data necessary 
for preparing a detailed project and estimate for the improvement. 


Amount appropriated by act approved August 14, 1876...$10,000 00 

July 1, 1877, amonnt available. 10,000 00 

(See Appendix G 13.) 


IMPROVEMENT OF THE RIVERS AND HARBORS ON THE COAST OF 
SOUTH CAROLINA, GEORGIA, AND THE ATLANTIC COAST OF FLOR¬ 
IDA. 


Officer in charge, Lieut. Col. Q. A. Gillmore, Corps of Engineers, 
having under his immediate orders Capt. James C. Post, Corps of Engi¬ 
neers. 

1 . Improvement of Charleston Harbor , South Carolina .—The operations 
during the last fiscal year have been confined to the Beach Channel 
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entrance, along the Snllivan’s Inland shore. It was found last fall that 
the channel bad unexpectedly shoaled in the western portion of it to 5.1 
feet mean low-water. To remedy this, and, if possible, secure at least 
the former depth of 13 feet by the natural scour resulting from an in¬ 
creased flow of ater, it was determined to lower the height of Bowman 
jetty to mean low-water for some distance for the outer end. In the 
execution of this work, 185 linear feet have been lowered to mean low- 
water and 205 linear feet to 2 feet above mean low-water. The result, as 
ascertained by soundings taken June 25, has been a deepening of the 
shoal part of the chaunel to 14 feet mean low-water. The work upon 
the jetty has been suspended for the present, pending a detailed survey 
of the channel which has been ordered. 

The United States dredging-steamer Henry Barden removed 680 cubic 
yards of material from the channel last autumn ; but her work there was 
suspended in conscqaeuoe of the shoaling above referred to, and has not 
yet been renewed. 

It is proposed to expend the balance of the existing appropriation 
either in dredging in Beach Channel or in lowering an additional por¬ 
tion of the jetty to low-water level, or by dividing it betweeu these two 
works, as shall be deemed most expedient after the completion of the 
survey. 

In consequence of peculiar and necessarily unforeseen causes, which 
are explained in the report of the engineer in charge, the sum thus far 
expeuded in the improvement of Charleston Harbor has exceeded the 
original estimate by nearly 12 per ceut. Another small appropriation, 
will, it is hoped, suffice. 


July 1,1876, amount available. $1,008 80 

Amount appropriated by act approved Augnnt 14, 1876. 10,000 00 

-$11,008 80 

July 1,1877, amount expended daring fiscal year.* 3,640 00 

Jaly 1, 1877, outstanding liabilities... 1,306 64 

-4,946 73 


July 1, 1877, amount available 


6,064 07 


Amount (estimated) required for completion of existing project. 11,000 00 

Amount that can be profitably expended m fiscal year ending J nne 30,1879. 5,0JO 00 

(See Appendix H 1.) 


2. Improvement of Savannah River and Harbor , Georgia .—During the 
last fiscal year work has been carried on iu five localities, as follows: 

1. On the temporary dam at Cross Tides work was resumed March 6, 
it haviug beeu stopped the previous May by an injunction from the 
Supreme Court of the United States. It was fouud to have been im¬ 
paired and weakened to some extent during the suspensiou of opera¬ 
tions. On the 22d of April, a freshet, bringing with it a large quantity 
of drift material, destroyed 186 linear feet of the unfinished portiou 
nearest mid-channel. It was deemed best not to resume work upon it, 
beyond what was uecessary to secure it from further damage, until an 
additional appropriation was made, so that the work of enlarging the 
water-way below the Cross Tides, to provide for the free flow of the 
increased volume of water which the finished dam would divert into 
Front River could be carried ou simultaneously with the work upon the 
dam. 

2. In order to aid the ebb-flow into Front River and relieve the press¬ 
ure on the dam, the water-way between King's ainl Hutchinson’s Is! 
and8 was enlarged by making a cut 60 feet wide and 9 feet deep Jn 
doing this, 25,047 cubic yards of material were removed by dredging. 
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3. From the new channel along the Georgia shore, near “ The Wrecks,” 
115,189 cubic yards of material were removed by dredging. Iu doing 
this, one through-cut 5,879 feet long, 24 feet wide, and 15 feet deep at 
mean low-water was completed, and two other cuts were under way at 
the close of the fiscal year. The through-cut, by flowing in from the 
sides, was widened to 60 feet and shoaled to 12 feet, mean low-water. 
A crib-work obstruction was removed from the south side of this channel. 
Under existing agreements, with the funds available, it is expected that 
a channel 120 feet wide anu 13 feet deep, mean low-water, giving nearly 
20 feet at ordinary high-water, will be secured by the commencement of 
the coming cotton-shipping season. 

4. Southwest of the Oyster Bed light, 12,012 cubic yards of materials 
were removed by dredging, increasing the width of the channel at that 
point to 400 feet between the 13-foot curves. The shoaling at this point 
is attributed to a wreck or part of wreck which lies buried in the sand. 

5. In the dredged cbauuel, northeast of Fort Pulaski, the shoaling 
mentioned iu the last annual report has continued, due, perhaps, to the 
obstruction near the Oyster Bed light mentioned above. Six thousand 
three hundred and ninety five cubic yards of materials were removed by 
dredging, which deepened the channel to 12$ feet, mean low-water. 
Shoaling to some exteut has takeu place in other parts of the river 
where dredging was previously done, but not enough to require dredgiug. 
The balance of the existing appropriation will be expended in dredging 
iu the new channel along the south shore of the river near “The 
Wrecks.” 

The work recommended to be done during the next fiscal year, and for 
which an appropriation is requested, is as follows: 

A. To finish the dam at Cross Tides. 

B. To increase the area of water-way at contracted points below Cross 
Tides, so as to allow a free flow of the increased volume of water ex¬ 
pected to be secured by the dam. 

C. To remove a portion of the outer end of the old jetty at King’s 
Island, which now acts as an obstruction. 

JJ. To continue the dredging in the new channel, at “ The Wrecks,” 
to a mean low-water depth of I4J feet, and to a suitable width. 

E. To remove the wreck or portion of wreck uear Oyster Bed light, 
and perhaps do some dredging at that point. 

F. To restore the originally dredged depth of 14J feet, mean low- 
water, to the channel northeast of Fort Pulaski, if necessary. 

G. To dredge at other points, if found to be necessary. 


Jnly 1,1876, amount available.$3,771 81 

Amount appropriated by act approved August 14, 1876 . 62,000 00 ^ 

July 1, 1877, amount expended during fiscal year. 28,634 49 

July 1, 1877, outstanding liabilities. 9,285 17 

- 37,919 66 


July 1,1877, amount available. 27,852 15 


Amount (estimated) required for completion of existing project. 299,320 00 

Amount that can be profitably expeuded iu fiscal year ending J une 30,1879. 150,000 00 

(See Appendix H 2.) 


3. Improvement of inside passage between the Saint John’s River and 
Feimandina , Florida .—No work was done upon this passage during the 
last fiscal year for want of funds. The channel, 40 feet wide and 4 
feet deep, opened through the shoals during the fiscal year ending June 
30,1876, was examined during the past month, so far as an examination 
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could be made while passing through it on a steamer. It was found 
that shoaling had taken place to some exteut in Guunison’s Cut, and 
also at the confluence of Sister’s Creek with the Saint John’s River. 
Two weekly freight lines between Fernandina and the Saint John’s 
River now use this passage, and it is deemed important to provide for 
its enlargement. 

Amount (estimated) required for completion of existing project..8160,000 to $370,000 
Amount that can be profitably expended in fiscal year ending June 30, 1879.. 25,000 

(See Appendix H 3.) 

4. Saint Augustine Creek , (Thunderbolt River,) Georgia .—This river 
constitutes part of the inside passage between the Savannah River and 
Wassaw Sound, and is used by small freight and passenger steamers 
plying between Savaunah and Brunswick, Darien, Fernandina, and the 
Saint John’s River. 

The only improvement that is recommended is the removal of a single 
dangerous obstruction, consisting of a large timber dry-dock sunk there 
daring the civil war, which lies directly in the channel. 

No appropriation was ever made by Congress for the improvement of 
this stream. 

Appropriation recommended for this purpose .. $5,000 00 

(See Appendix H 4.) 

EXAMINATIONS AND SURVEYS FOR IMPROVEMENT. 

In reply to a resolution of the Senate of January 9, 1877, directing 
the Secretary of War 44 to communicate to the Senate all information 
in his possession concerning a water-line of transportation from the mouth 
of the Saint Mary’s River , between the States of Georgia and Florida , 
through Okefenokee Swamp, and through the State of Florida to some suit¬ 
able point on the Gulf of Mexico, embracing the probable nature and char¬ 
acter of such a water-line, and the extent of country and population to 
be benefited by its construction, and an estimate of the cost of the 
necessary surveys or examinations therefor,” a report from Lieut. Col. 
Q. A. Gillmore, Corps of Engineers, to whom the resolution was referred, 
was transmitted to the Senate at its last session, and printed as Senate 
Ex. Doc. No. 22, 44th Congress, 2d session. 

(See Appendix H 6.) 


GULF OF MEXICO. 


IMPROVEMENT OF THE HARBORS OF MOBILE, ALABAMA, AND OF PEN¬ 
SACOLA AND CEDAR KEYS, FLORIDA—IMPROVEMENT OF THE NAVI¬ 
GATION OF CHOCTAWHATCHEE, APALACHICOLA, CHATTAHOOCHEEi 
AND FLINT RIVERS. 


Officer in charge, Capt. A. N. Damrell, Corps of Engineers. 

1. Improvement of harbor at Mobile, Alabama. —This work has been com¬ 
pleted in accordance with adopted plan. A channel has been cut through 
Dog River Bar 200 feet wide and 13 feet deep, and through Choctaw 
Pass 300 feet wide and 13 feet deep at mean low-water. The estimated 
cost in 1870 was $656,800; as revised later in the same year, with some 
modifications in plan, $774,315.52; as revised in 1873, with some further 
modifications, $589,237.19. The actual cost, including $70,550 expended 
by the Alabama State harbor board, is 8460,719.55. 

Reduction in cost below estimates is due to successive declines in con- 
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tract-prices for dredging under the different appropriations below earlier 
and estimated prices. 

The officer in charge considers a new plan of improvement, demanded 
by the commercial necessities of the pprt of Mobile, whereby all ves¬ 
sels crossing the. outer bar, which has 21 feet of water on it at mean 
low-tide, may pass up to the wharves of the city, aud recommends an 
appropriation of $10,000 to be used in making the uecessary surveys for 
determining, if the project is feasible, and the best plan, and commenc¬ 
ing the work after these matters are properly determined. Appropria¬ 
tion asked by the officer in charge for fiscal year ending June 30, 1879, 
$10,000. 


July 1, 1876, amount available. $16,265 83 

July 1, 1877, amount expended during fiscal year. 12,250 26 


July 1, 1877, amount available. 4,015 57 

(See Appendix 11.) 


2. Removal of obstructions at the entrance to the harbor of Pensacola, 
Florida .—The attention of this office has been called to the importance 
of an examination to ascertain the cost of removing certain wrecks near 
the entrance to Pensacola Harbor, which at present endanger the pas¬ 
sage of the larger class of vessels entering that port. 

The officer in charge of improvements in that section estimates the 
cost of such examination at $1,500, and the probable cost of removing 
the obstructions at $20,000. 

(See Appendix 12.) 

3. Improvement of theharboi'of Cedar Keys, Florida .—Nothing wasdone 
on this work during the year for want of funds. A contract for dredg¬ 
ing, in continuation of the improvement, was made June 1, 1877. Un¬ 
der this contract the work will be continued during the next fiscal year, 
as far as the appropriation of $10,000 of August 14, 1876, will allow. 

Appropriation asked by the officer in charge for the fiscal year ending 


June 30, 1879, $50,000. 

July 1, 1876, amount available... $4 95 

Amount appropriated by act approved August 14, 1876. . 10,000 00 


10,004 95 

July 1, 1877, amount expended duriug fiscal year. 21 30 


July 1, 1877, amount available. 9,983 65 


Amount (estimated) required for completion of existing project. 101,000 00 

Amount that can be profitably expended iu fiscal year endiug June 30,1879. 50,000 00 

(See Appendix I 3.) 

4. Improvement of ChoctawhatcheeRiver, Alabama and Florida. —Work 
on the improvement of this river was carried on daring part of the 
month of May and the whole of June. It consisted in the removal of 
snags and sunken logs and overhanging trees. Seventy-five miles of 
the lower part of the river have been kept in fair boating condition. 

After the present season’s work there will remain, to complete the 
improvement, the cutting of a channel through Half-Moon Bluff Shoal, 
about 130 miles from the mouth, and another about 4 miles below Ge¬ 
neva, each from 200 to 300 feet long, composed of large blocks of lime¬ 
stone, and the removal of three wreeks and such snags as may accumu- 
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late after the cessation of work, for which the officer in charge asks for 


the fiscal year ending June 30, 1879, $19,000. 

Jnly 1,1876, amount available... $284 93 

Amount appropriated by act approved August 14, 1^*76 . 5,000 00 

5,284 93 

July 1,1877, amount expended daring fiscal year. 2,498 55 

July 1,1877, amount available. 2,786 38 

Amonut (estimated) reqniTed for completion of existing project . 19,332 00 

Amount that can be profitably expended in fiscal year ending June 30,1879. 19,000 00 

(See Appendix I 4.) 


5. Improvement of Appalachicola Rirer % Florida .—Work was prose¬ 
cuted ou this river during December, 1876, and January, 1877, and con¬ 
sisted in the removal of a large raft at the lower end, and of several 
large stumps at the upper eud of Moccasin Slough. 

It is intended, during the next year, to enlarge and straighten the 
channel through the slough and at its two ends, in order to prevent the 
successive accumulation of rafts which now occur. 

The greater portion of this work was not anticipated last year, but 
its necessity has since been shown. 

An appropriation of $20,000 is asked for by the officer in charge for 


the fiscal year ending Juue 30, 1879. 

July l, 1876, amount available. $8,555 50 

July 1, 1877, amount expended duriug fiscal year. 3,778 59 


July 1, 1877, amount available. 4,776 91 


Amount (estimated) required for completion of existing project. 60,000 00 

Amount that cau be profitably expended in fiscal year ending Juue 30,1879 . 20,000 00 

(See Appendix I 5.) 


6. Improvement of Chattahoochee and Flint Rivers, Georgia .—This work 
was continued during the year as follows: A large number of snags and 
overhanging trees were removed ; the head of the jetty at Wolfax Bar 
was protected by rock riprap; the breakwater on the Georgia side at 
the same bar was extended 560 feet down. A channel 60 feet wide and 
4 feet deep was made through Little Uchee Shoal, by blasting. A 
channel 55 feet wide and 3 feet deep was obtained through Slick Bluff 
Shoals by the same means, and the Middle Bock, a little below, was 
partially removed. 

Extensive repairs were made to the steam snag boat Clara Dunning, 
and minor repairs were made ou the blasting-boat and tender. 

It is proposed during next year to complete the work at Slick Bluff 
and Middle Bock, and then to continue work on the worst bars on the 
Chattahoochee Biver, as Hardridge’s Shoals and King’s Bock. 

An appropriation of $50,000 is asked for by the officer in charge for 
the fiscal year ending June 30,1879. * 


July 1,1876, amount available. $27,603 06 

Amount appropriated by act approved Augost 14, 1876 . 20,000 00 


July 1,1877, amount expended during fiscal year 


47,603 06 
22,037 97 


July 1,1877, amount available 


25,565 09 


Amount (estimated) required for completion of existing project. 260,000 00 

Amount thatc&n be profitably expended in fiscal year ending Juue 30,1879 . 50,000 00 

(See Appendix I 6,) 
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7. Improvement of Black Warrior and Tombigbee Rivers, Alabama .— 
Operations were continued on this improvement principally below the 
point to which the work had been previously carried. 

The working season was reduced by various causes to about six 
months. During that time twelve bars were improved by the construc¬ 
tion of 5,076 linear feet of jetties and the removal of 688 snags. The 
whole number of snags removed was 798. 

A great improvement has been effected, but a portion still remains to 
be opened before the full benefit of the work already done can be had. 

July 1,1876, amount available.. $5,118 ^ 

Amount appropriated by act approved August 14,1876. 15,000 00 


20,118 08 


July 1,1877, amount expended during fiscal year.. 14,655 04 

July 1, 1877, amount available. 5,463 04 


Amount (estimated) required for completion of existing project. 132,603 00 

Amount that can be profitably expended in fiscal year euding J une 30, 1879. 100,000 00 

(See Appendix 17.) 


IMPROVEMENT OF THE MOUTH OF THE MISSISSIPPI RIVER; OF THE 

ENTRANCE TO GALVESTON HARBOR; OF SABINE PASS; OF THE 

SHIP-CHANNEL IN GALVESTON BAY; AND OF PASS CAVALLO, INLET 

TO MATAGORDA BAY, TEXAS. 

Officer in charge, Capt. C. W. Howell, Corps of Engineers, having 
under his immediate orders Lieut. C. E. L. B. Davis, Corps of Engineers. 

1. Improvement of the mouth of the Mississippi River at Southwest 
Pass .—The work of improvement at the Southwest Pass, by dredging, 
was continued as heretofore, and with favorable results. 

The channel has been maintained at a quite uniform depth, and while 
vessels have suffered detention, mainly from improper handliug, there 
has been none such as marked the early years of the work. 

The large number of deep-draught vessels using the dredged cbanuel 
during the past year, together with the large amount of cotton and grain 
carried by them, partially indicate the benefits commerce has derived 
from the work, without which it is thought commerce must have sus¬ 
tained serious loss from lack of reliable outlet to the sea. 

During the year, surveys, current-measurements, and observations 
for material carried in suspension and for volume, of discharge have 
been made in the river and its various passes, the arrangement, com¬ 
parison, and compilation of which are not yet completed. Should dredg- 
ingbe continued throughout the present fiscal year, the dredge-boats 
belonging to the work will require extensive repairs. Therefore, although 
means are provided for work during the first one-third of the year, the 
amount found to be an average of several years’ expenses is resubmit¬ 
ted as the estimate for the year. 

The detailed report of the officer in charge, who has made the subject 
of an improved outlet to the Mississippi Eiver a study for over eight 
years, presents facts and conclusions of interest, to which attention is 
invited. 
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Whole amount appropriated. $1,327,224 38 

Whole amount expended. 1,310,539 63 

Julyl, 1876, amount available.$22,894 04 

Amount appropriated by act approved August 14, 1876. 100,000 00 


July 1, 1877, amount expended dnring fiscal year. 106,209 49 

July 1,1877, outstanding liabilities. 5,923 77 


July 1,1877, amount available. 


122,894 04 


112,133 26 
10,760 78 


Amountthat can be profitably expended in fiscal year ending June 30,1879. 150,000 00 

(See Appendix J 1.) 

2. Improvement of entrance to Galveston Harbor , Texas .—Owing to re¬ 
tention of appropriation for this work, its prosecution toward completion 
has been greatly retarded during the year. From this cause operations 
were suspended early in July, 1876, and not resumed until the middle 
of September, when a small portion of the appropriation was made 
available. But the most favorable season for construction of the gab¬ 
ionade had passed away during suspension, and upon resumption of the 
work operations were confined to the collection of material, its manu¬ 
facture into gabions, mats, &c., &c., required in the work of construction, 
the procurement of machinery, and the repair and improvement of plant, 
and completion of buildings required on the work. 

In January, the allotment from the appropriation for the work being 
exhausted, operations were again suspended. Upon release of the bal¬ 
ance of the appropriation, in February, work was resumed and continued 
throughout the year. 

Work of construction was also delayed by unusually stormy weather 
daring the spring and early summer. 

During the year Fort Point gabionade was extended 1,000 feet. The 
effect of that structure has been to maintain a depth of water over the 
bar at mean low-tide of from 15| feet in September, 1876, to 16£ feet in 
May, 1877, with increasing improvement, as shown by the report lor June. 

This improvement it is expected will be accelerated upon completion 
of repairs to the Fort Point breakwater, a large portion of which was 
destroyed by the storm of September, 1875. This work has been delayed 
in consequence of the difficulty experienced in procuring suitable piles 
and the obstructions met with in placing them in the breakwater. 

Work of construction on the Bolivar Point gabionade has consisted 
in placing piling which is to run out to water deep euough to sink gab- 
ious and in constructing 172 feet of gabionade. 

It is proposed to continue construction at this point until a depth of 
channel over the oqter bar is obtained equal to that over the inner bar. 

The officer in charge reports that, in consequence of additions to 
strengthen the gabions, the cost of their manufacture has been increased, 
as also has the cost of construction, beyond his original estimate. 

The estimate of cost of manufacture was based upon experimental 
work ordered for that purpose before the work at Galveston was com- 
menced. 

The placing of mats underneath, at the sides, and in front of the gab¬ 
ions (not contemplated in original estimate) has increased the cost of 
construction, but it is thought that the saving in settlement from their 
nse will obviate the necessity for several rows of gabions, as was at first 
designed, and that two rows, at most, will answer instead. 

The effects produced by the work on the inner bar lead to ’the belief 
that the gabionade at Bolivar Point need not be extended as far as was. 
designed to produce the result desired. 
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Should the above saving in construction be reaKzed, it may balance 
its increased cost and the increased cost of manufacture, and thus per¬ 
mit the completion of the work with the amount provided for in the 
revised estimate. 

To provide against possible suspensions in future, and consequent 
increased cost of the work, it is recommended that the balance of the 
estimate for its completion be made available duriug the next session of 
Congress. 


Original estimate...$1, 259,446 43 

Revised estimate. 559,740 00 

Whole amount appropriated. 352,000 00 

Whole amount expended. 307,935 47 


July 1,1876, amount available. 818,749 98 

Amount appropriated by act approved August 14, 1876. 142,000 00 

»»■ +« - 160,749 98 

July 1,1877, amount expended during fiscal year...^. 116,6*5 45 

July 1, 1877, outstanding liabilities. 8,011 93 

- 124,697 38 


July 1, 1877, amount available. 36,052 60 


Amount (estimated) required for completion of existing project. 207,740 00 

Amount that can be profitably expended iu fiscal year euding June 30,1879. 150,000 00 

(See Appendix J 3.) 

3. Continuation of the icorh on the ship-channel in Galveston Bay , be¬ 


tween Red Fish Bar and Morgan's P rint. —Congress, by act approved 
August 14, 1876, appropriated $72,000 for this work, which amount was 
made available April 25, 1877. 

In section 2 of the above-mentioued act Congress also directed that a 
“survey for a ship-channel through Galveston Bay, beginning at 12 
feet water in the mouth of the San Jacinto River and ruuning out of 
the mouth of said river east of Morgan’s Point to the present chaunel 
through Red-Fish Bar, thence through the same, extending through 
Galveston Harbor, passing west of Half-Moon Shoals and Pelican 
Island, and to 12 feet water in Galveston Channel; and to cause an es¬ 
timate of the cost of the same to be made, and of the comparative merits 
of the same, with the route to the head of Bolivar cbanuel, and of the 
effects of the completion of each of said chaunels on the Galveston Har¬ 
bor as to shoaling or deepening the same.” * * * * 

As the selection of a Hue through Galveston Bay upon which to com¬ 
mence work with the appropriation available before the survey was 
completed would have anticipated the decision of Congress upon the 
results of the survey, it was recommended that decision upon which 
line the appropriation for continuing the work on the ship-cbanuel 
should be expeuded be deferred until the final report upon the survey 
was made and the future action of Congress thereon was knowH. 

This recommendation (see Appendix J 3) was approved by the Sec¬ 
retary of War. 

The survey is now completed, and the report thereon is submitted 
herewith, together with the report of a board of engineer officers con¬ 
vened for the purpose of considering the question of locatiou of the pro¬ 
posed channel. 


Whole amount appropriated. $97,000 00 

Whole amount expended. 25,000 00 

Amount appropriated by act approved August 14? 1876,,.,..,.... 72,000 00 

July 1,1877, amount available... 72,000 00 


Amount that can be profitably expended in fiscal year ending June 30,1879. 150,000 00 

(See Appendix J 3.) 
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4. Surrey for a skip-ehanml through Galveston Bay, Texas .—This sur¬ 
vey was ordered by act of Congress approved August 14, 1876* for tbe 
purpose of ascertaining the comparative merits of tbe different routes 
through Galveston Bay, described iu section 2 of t he above act, and 
“the effects of the completion of each of said ehauuels on the Galveston 
Harbor as to shoaling or deepening the same. 79 

The survey has been completed, and the report thereon is submitted 
herewith. 


Amount appropriated by net approved August 14, 1876..- .... $10,000 00 

July 1,1877, amouut expended during fiscal year.... 8,58S 64 

July 1,1877, amount available.--...«.. 1,410 36 


(See Appendix J 4.) 

P ’5. Improving Sabine Pass, Texas .—Tbe contractors for this work under 
the appropriation approved March 3, 1875, abandoned their contract, 
(during the year,) which has been annulled, and under an appropriation 
of $38,000 for the work, approved August 14, 1876, together with the 
balance of appropriation for 1875, proposals for the work of dredging 


have been invited by advertisement. 

Original estimated cost. £87,513 90 

Whole amount appropriated.. 58,000 00 

Whole amount expended. 6,225 58 

Revised estimate tor a 15-foot channel.. 176,071 00 

Balance required to complete a 15-foot channel. 118, 071 00 

Revised estimate for a 20-foot channel. 390,317 00 

Balance required to complete a 20-foot channel. 332,3J7 00 


July 1,1876, amonnt available. $16,658 84 

Amouut appropriated by act approved August 14, 1876. 38, (MX) 00 

- 54,658 84 

July 1, 1877, amount expended during fiscal year. 2,884 42 

July 1, 1877, outstanding liabilities. 1,285 00 

- 4,16942 


July 1, 1877, amonnt available 


50,489 42 


Amount (estimated) required for completion of existing project for 12-foot 

channel .... 47,026 00 

Amount that can be profitably expended in fiscal year ending J one 30, le79. 47,026 00 

(See Appendix J 5.) 

6. Improvement to Pass Gavallo , inlet to Matagorda Bay , Texas .—By 
act of Congress, approved August 14, 1876, $20,000 was appropriated 
for this work. 

As this amount is inadequate for even a commencement of the work 
without imminent risk of serious loss, it was recommended by me (see 
Appendix J 6) that expenditure of the appropriation be suspended to 
await the future action of Congress, which recommendation was ap¬ 
proved by the Secretary of War. 


Amount appropriated by act approved August 14, 1876 .1. 

July 1, 1877, amonnt available. . 

Amount (estimated) required for completion of existing project. 

Amonnt that can be profitably expended in fiscal year ending June 30,1879. 

(See Appendix J 6.) 


$20,000 00 
20,000 00 
695,325 00 
130,000 00 


PROTECTION OF THE RIVER-BANKS AT FORT BROWN, TEXAS, FROM 
ENCROACHMENT OF THE RIO GRANDE. 


Officer in charge, Capt James F. Gregory, Corps of Engineers. 


The act making appropriations for the sundry civil expenses of the 
Government for the fiscal year ending June 30, 1877, contained an ap- 
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propriation of $10,000 for a work necessary for this purpose, to be ex¬ 
pended under the direction of the Secretary of War. 

In accordance therewith, a pile jetty or breakwater has been built for 
the protection of about 500 feet of the river front near the northwest 
corner of the post. 

The work is designed to arrest the progress of encroachment which 
threatens not only to destroy some of the most valuable buildings at the 
post, but to break through into the lagoon, which would entirely change 
the channel of the river, and leave the greater part of the post on the 
opposite side of its channel. 

No further recommendation with reference to protection can be made 
until the effect of the next high water shall be seen upon the work, and 
the banks immediately above and below it. 

Amonnt appropriated by act approved July 31, 1876, making appropria¬ 
tions for sundry civil expenses of the Government for the fiscal year 


ending June 30, 1877, &c. $10,000 00 

July 1, 1877, amount expended during fiscal year. 7,197 50 

July 1, 1877, amount available. 2,802 41 

(See Appendix K.) 


WESTERN RIVERS. 

IMPROVEMENT OF OUACHITA AND YAZOO RIVERS—REMOVAL OF RED 
RIVER RAFT—IMPROVEMENT OF TONE’S AND CYPRESS BAYOUS, 
RED RIVER—SURVEY FOR THE PRESERVATION OF THE PORT OF 
MEMPHIS—WATER-GAUGES ON THE MISSISSIPPI AND ITS PRINCI¬ 
PAL TRIBUTARIES. 

Officer in charge, Capt. W. H. H. Benyaurd, Corps of Engineers. 

1. Improvement of the Ouachita River , Arkansas and Louisiana .—Upon 
the appropriation of August 14, 1876, becoming available, May 1, 1877, 
work was commenced on the dams at Spoon Camp Shoals and Buffalo 
Flats for the purpose of concentrating the water in a single channel 
when at a low stage. 

At the end of June the dam at Spoon Camp Shoals was finished and 
work commenced upon that at Buffalo Flats. 

During the coming season it is proposed to finish this dam and oper¬ 


ate with the snag-boat in removing obstructions in the river. 

July 1,1876, amount available. $358 03 

Amount appropriated by act approved August 14, 1876.;. 12,000 00 

12,358 03 

July 1, 1877, amount expended during fiscal year. 5,527 47 

July 1, 1877, amount available. 6,830 56 

Amount that can be profitably expended in fiscal year ending June 30,1879. 20,000 OO 
(See Appendix L 1.) 


2. Improvement of the Yazoo River , Mississippi. —No work was done 
during the past fiscal year for want of funds. 

As the appropriation is too small to admit of the purchase of an out¬ 
fit expressly for this river, so soon as the snag-boat O. G. Wagner can 
be spared from the Ouachita River it is proposed to continue the work 
of removing the wrecks, snags, and other obstructions in this river. 
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Amo ant appropriated by act approved August 14,1876. $15,000 00 

July 1,1877, amount expended during fiscal year.. 1,043 49 


July 1, 1877, amount available 


. 13,956 51 


Amount (estimated) required for completion of existing project. 93,000 00 

Amount that can be profitably expended in fiscal year ending Juue 30,1879. 50,000 00 


(See Appendix L 2.) 


3. Removing Raft in Red River and closing Tone's Bayou, Louisiana .— 
Removing Raft in Red River .—Operations were continued at intervals 
during the season with the steamer Thos. B. Florence, and one crane- 
boat, with full working force, in removing jams and drift-piles and pre¬ 
venting a blockade of the river and re-formatiou of the raft. 

Daring the coming season it is proposed to remove portions of the 
old raft still remaining, so as to make a channel at least 150 feet w ide 
through the entire length of the raft, to cut timber along the banks, and 
to pall out the most dangerous snags. 

Closing Tone's Bayou .—A low-water dam was put in the bayon, (high 
water coming on prevented it being built higher,) and so far it has suc¬ 
cessfully withstood the flood, though some caving has taken place in 
the left bank below. 

Daring the coming season it is proposed to protect the banks for 
some distance below the dam, and also finish oft'the top. 

As the river below cuts out each season, additions should be made to 
the height of the dam until the entire closure be effected. 


July 1,1876, amount available for removing raft. $‘207 15 

Amount appropriated by act approved August 14, 1876 . 35,000 00 

- $35,207 15 

July 1,1877, amount expended during fiscal year on raft work. 6,393 06 
July 1, 1877, amount expeuded during fiscal year on Tone’s 

Bayou... 26,551 77 

- 32,944 83 


July l, 1877, amount available.-. 2,262 32 


Amount (estimated) required for completion of existing project for raft- 

work. 140,00000 

Amount that can be profitably expended in fiscal year ending June 30, 

1879, for raft-work. 50,000 00 

Amount that can be profitably expended in fiscal year ending Jnne 30, 

1879, on Tone’s Bayon. 10,000 00 


(See Appendix L 3.) 

4. Continuing the work of dredging and removing obstructions to naviga¬ 
tion in Cypress Bayou, Texas .—No work was done on the bayou the past 
season. The building of a new dredge-boat was commenced and is now 
in progress. 

During the coming season it is proposed to finish the dredge-boat and 
have her operate in the work of straightening and dredging the chan¬ 
nel from Jefferson to the mouth of the bayou. 


July 1,1676, amount available. $22 10 

Amount appropriated by act approved August 14, 1876. 13, 000 00 


13,022 10 

July 1, 1677, amount expended during fiscal year. 3,121 37 

July 1,1877, amonnt available... 9,900 73 

Amount that can be profitably expended in fiscal year ending June 30,1879. 20,000 00 

(See Appendix L 4.) 
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5. Protection of the water-front of the port of Memphis, Tennessee .—In con¬ 
sequence of a memorial from the city councils of Memphis, representing 
the urgent necessity of ascertaining what measures should be taken for 
the protection of the landiugs of the city from further injury from the 
action of the current of the Mississippi, an examination of the locality 
was made, with the approval of the Secretary of War, and a report sub 
mitted to this office in February last, proposing a plan, with.estimates 
of cost, for the protection of the water-front. 

The officer in charge recommends protecting the caving bank with a 
coveriug of brush mattresses or rafts loaded with stone. The average 
width of this covering would be 175 feet, and the length of shore-line to 
be protected about 7,600 feet. He divides the space to be protected 
into two parts, that below Wolf River, 5,600 feet long, which is the most 
important aud requiring immediate attention, and that above Wolf 
River, about 2,000 feet, which, while needing protection, is not of such 
immediate importance, and he submits estimates of the cost of the work 
as follows: 


Below Wolf River. $126,000 00 

Above Wolf River... 44,000 00 


170,000 00 

The work, when commenced, should, from its nature, be oontinuous. 
(See Appendix L 5.) 

. 6. Water-gauges on the Mississippi River and its principal tributaries 
Observations were continued at all the gauges. A new gauge was put 
in at Memphis, aud repairs made to such of the others -as required 


them. 

July 1, 1876, amount available.......$1,537 26 

Amount appropriated by act approved August 14, 1876... 5,000 00 


6,537 26 

July 1,1877, amount expended during fiscal year. 4,869 02 


July 1, 1877, amount available. 1,668 24 


Amount that can be profitably expended in fiscal year ending Juue 30,1879. 5,000 00 

(See Appeudix L 6.) 

REMOVING SNAGS AND WRECKS FROM MISSISSIPPI, MISSOURI, AND 
ARKANSAS RIVERS, AND FROM WHITE AND SAINT FRANCIS RIVERS— 
IMPROVEMENT OF MISSOURI RIVER AT SAINT JOSEPH AND NEBRASKA 
CITY, AND OF ARKANSAS RIVER AT FORT SMITH—IMPROVEMENT OF 
WHITE RIVER ABOVE JACKSONPORT—SURVEYS ON MISSOURI RIVER. 

Officer in charge, Maj. Charles R. Suter, Corps of Engineers. 

1. Removing snags from Mississippi, Missouri, and Arkansas Rivers .— 
During the past season the expenditures on this work were limited to 
$50,000. The snag-boats worked on the Mississippi from Saint Louis to 
Vicksburg, 834 miles; in the Missouri, from the mouth to Boouville, 
105 miles; and on the Arkansas, from the mouth to Silver Lake, 65 
miles. 

Owing to the late date at which the appropriation became available, 
this work could not be commenced until the middle of October, and 
operations were much impeded by the heavy ice of the winter months. 

During the comiug season no field operations are contemplated, the 
only balance available being barely sufficient to care for the boats and 
other Government property until a new appropriation is made. 
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Tbe officer in obarge renews his recommendation that sufficient money 
be appropriated to enable him to replace with iron the wornout hulls of 
tbe wooden snag-boats. Until this is done, the work cannot be made as 
efficient as tbe needs of commerce demand. 

The sam appropriated for tbe annual expense of operating the boats 


should also, in his opinion, be increased. 

July 1,1876, nmonnt available. $4,358 98 

Amount allotted from appropriation for improvement of the Mississippi, 

Missouri, aud Arkansas Rivers, by act approved August 14, 1876 . 60,000 00 


64,358 98 

July 1,1876, amount expended during fiscal year. 55,184 19 


July 1,1876, arnonnt available. 9,174 79 


Amount required for tbe fiscal year ending June 30, 1879, viz: 

For building one large iron-hailed snag-boat, to carry machinery of one of 

the present wooden boats. $140,000 00 

For building one small iron-hulled snag-boat, to carry machinery of one of 

the present wooden boats. 105,000 00 

For building one small iron-hulled stern-wheel snag-boat. 60,000 00 

For repairing one wooden suag-boat, and fitting it np for wrecking pur¬ 
poses ... 50,000 00 

For working expenses of 5 boats, 10 mouths each, at $4,000 per month... 200,000 00 


555,00000 

(See Appendix M 1.) 

2. Removing snags and wrecks from White and Saint Francis Rivers .— 
No appropriation has been made for work on these streams for several 
years; but, as it is of great necessity, the officer in charge submits ail 
estimate for a snag-boat aud expense of operating the same. 

Amount required for fiscal year ending June 30, 1879, viz : 


For building one stern-wheel iron snag-boat. $60,000 00 

For operating same 10 months, at $4,000 per month. 40, 000 00 


(See Appendix M 2.) 


100,000 00 


3. Improving Missouri River opposite Saint Joseph .—The object of this 
improvement is to stop the erosion of the Kansas shore opposite the city 
of Saint Joseph, Mo., which, if allowed to go on unchecked, threatens 
to cut off a narrow neck or peninsula, taking the river away from the 
city and seriously endangering the railroad bridge across the Missouri 
River at that point. 

An allotment of $10,000 was made for this work from the appropria¬ 
tion for the improvement of Mississippi, Missouri, and Arkansas Rivers, 
and will be expended during the coming season in extending and 
strengthening the works already erected by the bridge company to re¬ 
tain the channel of tbe river in its present position. 


Amount allotted from appropriation for improvement of tbe Mississippi, 

Missouri, and Arkansas Rivera, by act approved August 14, 1876,. 

July 1, 1877, amount expended during fiscal year. 


$10,000 00 
901 19 


July 1,1877, amount available.-. 9,098 81 

Amount (estimated) required for completion of existing project. 140,000 00 


Amoant that can be profitably expended in fiscal year euding June 30,1879. 80,000 00 

(See Appendix M 3.) 


4. Improvement of the Missouri River at Nebraska City , Nebraska .—An 
allotment of $15,000 was made from the appropriation for improvement 
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of the Mississippi, Missouri, and Arkansas Rivers for work at this locality, 
and a survey having been made, the officer in charge submitted a report 
on the subject, with plan and estimates. 

The object of the work is to check an injurious change in the river 
channel, which has nearly destroyed the water front of Nebraska City, 
besides greatly damaging other property in the neighborhood. 

The sum allotted will all be expended during the coming season, leav¬ 
ing the completion of the work to be provided for by future appropria¬ 
tions. 


Amount allotted from appropriation for improvement of the Mississippi, 

Missouri, aud Arkansas Rivers, by act approved August 14,1876. 

July 1, 1877, amount expended during fiscal year. 


$15,000 00 
3,229 43 


July 1, 1877, amount available 


11,770 57 


Amount (estimated) required for completion of existing project. 135,000 00 

Amount that can be profitably expended in fiscal year ending June 30,1879. 75,000 00 

(See Appendix M 4.) 

5. Improvement of A rkansas River at Fort Smith , Arkansas. —The object 
of this work is to remove a bar which now renders access to the city 
wharf very difficult at low water, aud is also in the way of boats which 
have to pass above Fort Smith. 

A survey of this locality is in progress, and as soon as plans can be 
perfected the sum of $10,000, provided for this work from appropriation 
for improvement of Mississippi, Missouri, aud Arkansas Rivers, will be 
expended. Final estimates for the completion of the work cannot be 


made until this survey is completed. 

Amount appropriated by act approved August 14, 1876.$10,000 00 

July 1, 1877, amount expended during fiscal year. 304 51 


July 1, 1877, amount available.. 9,695 49 

(See Appendix M 5.) 

6. Improvement of White River above Jacksonport .—Nothing was done 
on this work during the past year. The sum of $10,000, appropriated 
by act approved August 14, 1876, will be expended as soon as surveys, 
now in progress, shall enable a definite plan to be made for carrying on 
the work. 

The necessity for snagging operations in this stream is very great, 
and additional surveys are also required, and the officer in charge sub¬ 


mits estimates for this purpose. 

Amount appropriated by act approved August 14, 1876.$10,000 00 

July 1, 1877, amount expended during fiscal year. 183 33 


July 1,1877, amount available. 9,816 67 

Amount (estimated) required for completion of existing project. 700,234 37 


Amount that can be profitably expended in fiscal year ending June 30,1879. 60,000 00 
(See Appendix M 6.) 


EXAMINATIONS AND SURVEYS FOR IMPROVEMENT. 

' An allotment of $5,000 was made from the appropriation of August 
14,1876, for Mississippi, Missouri, and Arkansas rivers, for surveys and 
examinations^ the Missouri River, at Omaha and Council Bluffs , Platts- 
mouth , Brownsville , and Atchison. 

Major Suter was charged with the execution of these surveys, which 
are now in hand and will be reported on as soon as completed. 

(See Appendix M 7.) 
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IMPROVEMENT OF MISSISSIPPI RIVER BETWEEN THE MOUTHS OF THE 
ILLINOIS AND OHIO RIVERS. 

Officer in charge, Col. J. H. Simpson, having under his immediate 
orders Oapt. C. J. Allen, Corps of Engineers. 

1. Improvement of Mississippi River. 

A. Piasa and Alton Dams .—The funds available for these works are: 


Balance July 1,1876.$3,682 76 

Appropriated August 14, 1876. 15,000 00 


18,682 76 

Which were to be,applied to the construction of Piasa Dam and such 
repairs and extensions as were needed at Alton Dam. There has been 
expended during the fiscal year : 

Fiaaa Dam.$7,525 64 

Alton Dam... 696 40 

8,222 04 

The balance will be applied during the coming year. Further appro¬ 
priation to the amount of $15,000 will be required to complete the works 
already begun. 

B. Sawyer Bend and Venice Dike .—No-work has been done at Sawyer 
Bend nor at Venice for waut of funds. The completion of the esti¬ 
mated work at these points will require $53,929.10. 

C. Improvement of channel opposite Saint Louis, (closing Cahokia 
Chute.J —The work done under the appropriation of $29,600 has been 
confined to the revetment of Arsenal Island and the construction of the 
abutments of the dam. The officer in charge submits a suggestion in 
connection with this work which is worthy of consideration; the essence 
of the suggestion being that since the closing of the chute will seriously 
increase the risk of damage to boats in the harbor by ice, as was con¬ 
clusively demonstrated by the experience of the last wiuter, it would 
be advisable to make the dam a high one instead of low, as now author¬ 
ized, so as to form a protected pool which may be made a secure and 
permanent wiuter harbor. The data for a full estimate of cost not being 
available, it is recommended that a survey and estimate be ordered. 

D. Horse tail Bar. —The condition of navigation at Horse-tail Bar was 
very unfavorable much of the season of 1876. Owing to the delay of 
appropriation, nothing could be done until September. Relief quickly 
followed the resumption of work, and it is hoped that the works are 
now in such state of advance that the chanuel will remain under their 
influence throughout the year. The locality has been brought to that 
stage of progress when protective work becomes necessary, which in 
this case takes the form of a longitudinal dike, an estimate for which is 
submitted by the officer in charge. 

E. Fort Chartres and Turkey Island. —No work was done or contem¬ 
plated at Fort Chartres until further appropriation. 

A small amount of work was done at Turkey Island, which put the 
work in safe condition until further means are provided. 

F. Kaskaskia Bend. —No work has as yet been done at this locality, 
the fuuds being withheld in 1876. The progress of erosion is rapid, and 
further appropriation is urgently needed. 

G. Liberty Island. —Protection near Liberty Island has been extended 
2,700 feet during the year; the protected part is uow 6,474 feet, and 
benefit is being derived from the greater permauence of channel and 
absence of the snags from the caving banks. 

6 B 
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H. Devils Island .—The favorable results previously reported continue. 
The dams are still unfinished, the work of the past year being mostly 
limited to extending the revetments. 

I. Dickey Island to mouth of Ohio .—Protective work to check the ero¬ 
sion in rear of the city of Cairo was begun in 1876. The principal effort 
was to secure the series of spur-dikes from destruction, and to extend 
the protection by continuous revetment. The work done remains per¬ 
fect, and promises to be efficient. Work will be resumed to full extent 
of funds this season. 

The officer in charge recommends that, in case Congress is not dis¬ 
posed to grant larger appropriations than heretofore, no new works be 
undertaken until those now in band be complete. Works now begun 
will require $555,425.49 to provide for their completion, of which nearly 
two thirds is for work begun by direct or implied order of Congress. 

The officer in charge submits an estimate of $500,000 for the fiscal 
year ending June 30,1879. This sum would secure the completion of 
the works that are now in advanced state, and also allow some new 
work to be begun. The appropriation of the above sum is recommended. 


July 1,1876, amount available. $15,724 68 

Aiqouut appropriated by act approved August 14, 1876 . 229,600 00 

-$245,324 68 

July 1,1877, amount expended dnring fiscal year. 138,920 54 

July 1, 1877, outstanding liabilities. 5,803 69 

- 144,724 23 


July 1,1877, amount available.*. 100,600 45 

Amount (estimated) required for completion of existing project. 6,729,600 00 

Amount thatcan be profitably expended in fiscal year ending June 30,1879 . 500,000 00 


(See Appendix N.) 


IMPROVEMENT OF MISSOURI RIVER ABOVE THE MOUTH OF THE YEL¬ 
LOWSTONE. 


Officer in charge, First Lieut. Edward Maguire, Corps of Engineers. 

The party organized for this work left Saint Paul, Minn., on June 11. 

The length of time required to reach the scene of operations permitted 
the accomplishment before the 30th of June of nothing more than a 
detailed survey of the locality. 

During the present season it is proposed to commence operations at 
Dauphin’s Rapids, and thence proceed to Cow Island, Two Calf Island, 
and such other points as the length of the season will permit. The 
work will consist in the removal of bowlders, reefs, and bars, and in the 
construction of wing-dams. 

Amount appropriated by act approved Angnst 14,1876. 

July 1, 1877, ainouut expended’ during fiscal year. $4,589 3 

July 1, 1877, outstanding liabilities. 951 C 


July 1, 1877, amount available. 

Amount that can be profitably expended in fiscal year ending June 30,1879 
(See Appendix O.) 


. $20,000 00 

3 

4 

- 5,540 37 

. 14,459 63 

. 30,000 00 
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IMPROVEMENT OF THE UPPER MISSISSIPPI RIVER BELOW SAINT PAUL; 
OF THE DES MOINES AND ROCK ISLAND RAPIDS, AND OF THE HAR¬ 
BORS OF FORT MADISON, BURLINGTON, AND DUBUQUE—IMPROVEMENT 
OF ILLINOIS RIVER. 


Officer in charge, Col. J. N. Macomb, Corps of Engineers, having 
under his immediate orders Capt. Amos Stickuey, Corps of Engineers. 

1. Improvement of the Upper Mississippi River .—The United States 
steamer Montana was employed as heretofore in rendering temporary 
aid to navigation by dredging with Long’s scraper, palling snags, and 
removing leaning trees from the banks, and also in building low dams 
and jetties for the permanent improvement of the channel. 

The great age of the Montana and the constantly increasing expense 
for repairs from year to year leads the officer in charge to recommend 
her rebuilding with an iron hull and new boilers, her machinery being 
still in excellent condition. The officer in charge estimates the cost for 
new hull, boilers, and transfer of machinery, with current expenses 


for the year, at $91,500. 

July 1,1876, amount available.$1,609 86 

Amount appropriated by act approved August 14, 1876. 30,000 00 


31,609 86 

/ = -s—i 

July 1,1S77, amount expended daring fiscal year. 14,857 65 

July I, 1877, amount available. 16,752 21 


Amount that can be profitably expended in fiscal year ending Juue 30,1879 . 91,500 00 

(See Appendix P 1.) 

2. Improvement of the Res Moines Rapids , Mississippi River. —During 
the past season the work was directly pushed toward opening the canal, 
so as to be available for the passage of steamers during the low-w ater 
season of the fall of 1877, and has consisted of finishing the guard-lock, 
coDStructing the lock-gates and machinery for operating the same, build¬ 
ing face of riprap wall ou canal-embankment, finishing up prism of 


canal, &c. 

Amount appropriated by act approved August 14, 1876.$230,000 00 

July 1, 1877, amount expended daring fiscal year.$106,830 97 

July 1,1877, outstanding liabilities. 17,518 73 

-— 124,349 70 


July 1,1677, amount available 


105,650 30 


Amount (estimated) required for completion of existing project. 95,000 00 

In addition to the above the maintenance of the work for the fiscal year 
ending June 30, 1879, will require. 40,000 00 


Amount that can be profitably expended in fiscal year ending June 30,1879. 135,000 00 

(See Appendix P 2.) 


3. Improvement of Rock Island Rapids of the Mississippi River. —Owing 
to the lateness of appropriations, August 14,1876, and the partial allot¬ 
ment of $10,000 during the fall of 1876, only 103 cubic yards of rock 
were broken at the foot of Moline Chain. Since the allotment of $15,000 
in the spring of 1877, work of excavation at Moline Chain has been con¬ 
tinued and 143.3 cubic yards of rock broken by June 30, 1877. It is 
expected to break 750 cubic yards during the present season. 

There remains to complete the improvement 1,655.8 cubic yards to be 
broken, and 2,505.8 cubic yards of rock to be dredged at the foot of 
Moline Chain. For this, and for a general survey to provide the chan¬ 
nel with landmarks, buoys, &e., and cleaning the improved cut from 
bowlders or obstructions thrown into it by the ice, the officer in charge 
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asks for au appropriation of $50,000 for the fiscal year ending June 30, 


1879. 

July 1, 1876, amount available. $5,729 16 

Amouut appropriated by act approved August 14, 1876. 25,000 00 


30,729 16 


July 1, 1877, amount expended during fiscal year. 15,966 29 

July 1, 1877, amouut available... 14,762 87 

Amount (estimated) required for completion of existing project. 50,000 00 

Amount that can be profitably expended in fiscal year ending Jane 30,1879. 50,000 00 

(See Appendix P 3.) 


4. Improvement of the harbor of Fort Madison, Iowa .—The original 
estimate for this work was $30,186.87. The contract for furnishiug 
stone for building riprap dam across Niofca Chute has been let and the 
construction begun. The officer in charge estimates that the comple¬ 
tion of the work will cost $20,186.87. 


Amount appropriated by act approved August 14, 1876. $10,000 00 

July 1, 1877, amount expended during fiscal year.$312 55 

July 1, 1877, outstanding liabilities. 50 88 

- 363 43 


July 1, 1877, amount available 


9,636 57 


Amount (estimated) required for completion of existing project. 20,186 87 

Amount that can be profitably expended in fiscal year ending June 30,1879. 20,000 00 

(See Appendix P 1.) 

5. Improvement of Rush Chute and the harbor of Burlington, Iowa .—It 
is proposed to build a raprap dam on a brush foundation near the head 
of Kush Chute, to increase the depth of water in the chute and scour out 
a sand-bar that threatens to destroy the navigation of the present chan¬ 
nel. 

The officer in charge estimates the cost of completing this work at 


$25,221.70. 

Amount appropriated by act approved August 14, 1876.$10,000 00 

July 1, 1877, amount expended during fiscal year.$33 33 

July 1, 1877, outstanding liabilities. 38 88 

- 72 21 


July 1, 1877, amount available 


9,927 79 


Amount (estimated) required for completion of existing project . 25,221 70 

Amount that can be profitably expended in fiscal year ending June 30,1879. 25,500 00 

(See Appendix P 1.) 

6. Removal of a bar in the Mississippi River , opposite Dubuque, Iowa.— 
The origiual project for this work has been changed, owing to local cir¬ 
cumstances aud insufficiency of appropriation. The officer in charge 
proposes to remove the bar under contract by dredging as much of it 
as can be done with the available funds. 

For the permanent improvement he suggests the building of a train¬ 
ing-wall at an estimated cost of $25,300. 


Amount appropriated by act approved August 14, 1876.$15,000 00 

July 1, 1877, amount expended during fiscal year,. 583 18 


July 1, 1877, amount available 


14,416 82 


Amount (estimated) required for completion of existing project. 25,300 00 

Amouut that can be profitably expended in fiscal year ending June 30, 1879. 25,300 00 

(See Appendix P 1.) 

7. Permanent improvement of the Upper Mississippi River .—The officer 
in charge submits, with his reasons therefor, a pro/ect for a comprehen- 
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give system of improvement of the Upper Mississippi River, at an esti¬ 
mated cost of $617,393, and recommends for the improvement of several 
of the worst localities an appropriation of $75,000. 

(See Appendix PI.) 

8. Improvement of Illinois River .—The project for continuing the work 
of improving the river by dredging and building dams, jetties, and 
training-walls was successfully carried on, but not entirely completed, 
owing to suspension of work caused by long continuance of floods in 
the river, and the fact that of the appropriation made on the 14th Au¬ 
gust, 1876, only $10,000 was allotted for use in the remainder of the 
working season of 1876. 

This amount was chiefly applied to the restoration of channels ob¬ 
structed by detritus from summer floods, which have demonstrated the 
necessity of having a reserve fund and proper equipment always in 
readiness for such work, and the estimate for completing the improve¬ 
ment of Illinois River embraces the requisite amount for this purpose, 
which will accouut for its increase over the original estimate. 

July i, 1876, amount available.. $39,691 86 

Amouut appropriated by act approved August 14, 1876_... 40,000 00 

- $79,691 86 

July l, 1877, amount expended during fiscal year. 49,317 72 

July 1,1877, outstanding liabilities. 2,750 00 

- 52,067 72 

July 1,1877, amonnt available. 27, 624 14 

Amount (estimated) required for completion of existing project. 145,000 00 

Amount that can be profitably expended iu fiscal year ending June 30,1879. 145,000 00 

(See Appendix P 5.) 

PRESERVATION OF THE FALLS OF SAINT ANTHONY AND IMPROVEMENT 

OF MISSISSIPPI RIVER ABOVE THE FALLS—CONSTRUCTION OF LOCK 

AND DAM AT MEEKER’S ISLAND—IMPROVEMENT OF MINNESOTA AND 

CHIPPEWA RIVERS, AND OF RED RIVER OF THE NORTH. 

Officer in charge, Maj. F. U. Farqnhar, Corps of Engineers. 

1 . Improvement of Falls of Saint Anthony .— The concrete dike has been 
finished. The two rolling dams on the limestone ledge were constructed 
and all the excavations in and nnder the limestone ledge above the dike 
were filled with well rammed gravel. 

There only remains to be built of the project of the Board of Engineers 
of 1874 an upper wall or dike and the extension and remodeliug of the 
apron. 

It is not proposed to build the upper dike at present, as it is believed 
that the lower one will prove sufficient. 

During the present season it is proposed to complete the work on the 
apron, which it is hoped will complete all the work necessary for the pre¬ 


servation of the Falls of Saint Anthony. 

July 1,1876, amonnt available. $3,062 38 

Amount appropriated by act approved Augnst 14, 1876. 120,000 00 

-$123,06238 

July 1,1877, amount expended during fiscal year. 64,081 86 

July 1, 1877, outstanding liabilities. 482 12 

- 64,563 98 


58,498 40 
184,726 35 


July 1, 1877, amount available. 

Amount (estimated) required for completion of existing project 

(See Appendix Q 1.) 
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2. Improvement of Mississippi River above Falls of Saint Anthony.— 
Work was commenced in May, 1877, at Battle Rapids. 

During the present season it is proposed to work on the worst obstruc¬ 
tions between Saint Cloud and Minneapolis. 

Not less than $50,000 should be appropriated for a season’s work, so as 
to enable the U nited States or a contractor to procure the necessary plant 
to carry on the work economically. 

Amount appropriated by act approved August 14,1876. $20,000 00 

July 1, 1877, amount expended during fiscal year. $1,366 78 

July 1, 1877, outstanding liabilities. 1,923 20 

3,289 9S 

July 1, 1877, amount available. 16,710 02 

Amount (estimated) required for completiou of existing project. 124,667 50 

Amount that can be profitably expended in fiscal year ending June 30,1879. 50,000 00 

(See Appendix Q 2.) 

3. Construction of lock and dam on Mississippi Reiver at Meeker’s Island , 
Minnesota .—The parties holding the land-grant not having made any 
acceptable release, as required by the act approved March 3,1875, no 
work has been done here, as the funds were not available. The State 
of Minnesota should annul the grant fo the parties now holding the land- 
grant, and release the same to the United States. 

July 1, 1876, amount available. 

July 1, 1877, amount available. 

Amount (estimated) required for completion ofexistiug project 

(See Appendix Q 3.) 

4. Improvement of Minnesota River. —No work has been done during 
the last fiscal year, as no funds were available. A contract has been 
made for continuing the work of removing snags, &c., from the river, 
commencing where the last work terminated and working down-stream. 

The engineer in charge reports that since the last annual report there 
has been no commerce on the river above Little Rapids, nor is it prob¬ 
able that there will be any until the lock and dam at that place are 
built At least $60,000 will be required for the commencement of that 
work. 

July 1,1876, amount available. 

Amount appropriated by act approved August 14,1876 

July 1,1877, amount expended during fiscal year. 

July 1,1877, outstanding liabilities. 

July 1, 1877, amount available. 9,963 36 

Amount (estimated) required for completion of existing project, lock and 

dam, Little Rapids. 127,463 05 

Amount thatcan be profitably expended in fiscal year ending June 30,1879. 60,000 00 

(See Appendix Q 4.) 

5. Improvement of Chippewa River , Wisconsin. —The appropriation of 
August 14, 1876, was not made available in time for work during the 
last fiscal year. A contract has been entered into for constructing so 
much of the proposed jetties at the mouth of the river as the present 
small amount available will permit. 

The five high sand banks below Eau Claire should be protected, and 
the work of building wing-dams and jetties carried on. 


$14 44 
10,000 00 

-- $10,014 44 

22 60 
28 48 

- 51 08 


$25,000 00 
25,000 00 
922,121 46 
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For the first work $61,000 is estimated to be required, and for the 


latter $20,000. 

Amount appropriated by act approved August 14, 1876. $10,000 00 

July 1,1877, amount expended during fiscal year. $5 94 

July 1,1877, outstanding liabilities. 2424 


July 1,1877, amount available 


9,971 82 


Amount (estimated) required for completion of existing project. 129,892 50 

Amount that can be profitably expended in fiscal year ending June JO, 1879. 84,000 00 

(See Appendix Q 5.) 

6. Improvement of Red River of the North .—No work was done dar¬ 
ing the last fiscal year for want of funds. 

Daring the present season one working party will be engaged on re¬ 
moving snags, bowlders, and overhanging trees, and another small party 
will make a detailed survey of the sites for the proposed lock and dam 
below Goose Rapids and an examination of the river between Frog 
Point and the boundary line. 

The officer in charge estimates that $30,000 will be required for the 
next season’s work, including the construction and operation of dredging 
apparatus. 


Amount appropriated by act approved Angnst 14, 1876. $10,000 00 

July 1,1877, amount expended during fiscal year. 945 93 

July 1,1877, outstanding liabilities. 508 70 

- 1,454 63 


July 1, 1877, amount available.. 8,545 37 


Amount that can l>e profitably expended in fiscal year ending June 30,1879- 30,000 00 

(See Appendix Q 6.) 


IMPROVEMENT OF THE TENNESSEE AND CUMBERLAND RIVERS; OF 
COOSA RIVER, GEORGIA AND ALABAMA; OF HIAWASSEE RIVER, 
TENNESSEE; AND OF OCMULGEE, OOSTENAULA, COOSAWATTEE, AND 
ETOWAH RIVERS, GEORGIA. 

Officer in charge, Capt. William R. King, Corps of Engineers, with 
Capt. L.Cooper Overman and Lieut. W. L. Marshall, Corps of Engineers, 
under his immediate orders. 

1. Tennessee River above Chattanooga .—This work has been carried on, 
as heretofore, by hired labor, aud good progress was made until Janu¬ 
ary, 1877, when the appropriation became exhausted. 

The work done daring the year was divided among 16 different shoals, 
and the quantities were as follows: 

Rock quarried for dams. 3,595 cubic yards. 

Rock excavated from channel... 1,407 cnbic yards. 

Rock placed in dams ... 5,746 onbic yards. 

Gravel removed from channel.. 105 cnbic yards. 

Snags removed. 30 

As this work is a continuation of the same system of improvement 
that has been carried on and is now iu use on the river between Chatta¬ 
nooga and Kingston, there can be no doubt as to its feasibility and 
necessity. As but a small sum is required to complete it, it is hoped 
that farther appropriation will be made. 
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July 1, 1876, amonot available. $7,862 01 

Amount appropriated by act approved August 14, 1876. 15,000 00 

-$22,862 01 

July 1,1877, amount expended during fiscal year. 22,694 73 

July 1,1877, outstanding liabilities. 167 28 

- 22,862 01 


Amount (estimated) required for corapletiou of existing project. 60,000 00 

Amount that can be profitably expended in fiscal year ending June 30, 1879. 35,000 CO 

(See Appendix R 1.) 


2. Tennessee River , below Chattanooga .—This work includes the im¬ 
provement of the following shoals, which are the chief obstructions to 
navigation on this part of the river, viz: Elk River, Big Muscle, Little 
Muscle, and Colbert Shoals. 

At Elk River Shoals work has not been begun, but a careful survey 
has been made which shows that the Elk River can be avoided and a 
considerable saving in cost cau be effected by building the extension of 
the canal on that side of the river, and taking advantage of several 
miles of good navigation between the foot of these shoals and the head 
of the old canal around the Muscle Shoals proper. 

The improvement of these shoals is an essential part of the project 
for removing the great Muscle Shoals obstruction, of which they form 
an important part. 

In order that the Muscle Shoals Canal may be utilized as soon as com¬ 
pleted, it is very desirable that work on the Elk River Shoals should b$ 
begun at an early day, and this is contemplated in the estimate of the 
amount of money required by the officer in charge for the next fiscal 
year. 

The Big Muscle Shoals improvement, which consists in the rebuilding 
of the old canal, has been continued during the year. 

The work has been carried on under six separate contracts, with the 
following results: 


Earth excavation ..... 
Earth embankment ... 

Rock excavation. 

Slope wall.. 

Grubbing and clearing 

Cut-8 tone masonry_ 

Rabble masonry.. 

Concrete. 

Removal of old looks. 


85,683 cubic yards. 
53,396 cubic yards. 
42,447 cubic yards. 
3,436 cubic yards. 
45^ acres. 

1,640^ cubic yards. 
5,558^ cubic yards. 

39^ cubic yards. 
3,483/jy cubic yards. 


In general terms the condition of the canal at the end of the fiscal 
year was as follows: 

Of the trunk of the canal, about 8 miles were enlarged and completed 
with exception of dams at the crossings of three large creeks, leaving 
about 6£ miles to be doue. 

Of the 10 locks required 3 were under contract; the foundation pits 
had been excavated; a large quantity of stone had teen cut, and the 
walls of 2 of them were about two-thirds completed. 

Proposals for the building of 5 other locks were received on the 15th 
of May, but no award has been made. 

Two engineering parties located at suitable points ou the canal have 
been engaged in making maps, plans, and cross-sections for future work, 
and in measuring and inspecting work done by the contractors. 

As this improvement is not simply for the convenience or facility of 
navigation, but for overcoming an absolute barrier to navigation , and will 
unite hundreds of miles of navigable waters iu the Upper Tennessee and 
its tributaries with the Lower Tennessee and the whole Mississippi sys- 
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tem, the great importance of its early completion needs no. demonstra¬ 
tion. 

* The Little Muscle Shoals , though in many respects similar to the Big 
Muscle Shoals, are a much less formidable obstruction. 

No work has been done on these shoals, but an examination of them 
bas been made with a view to their improvement without resorting to 
the expensive system of locks and dams. The engineer officer in charge 
of the work thiuks this can be accomplished and that it is desirable to 
have the work commenced at once, so that it can be utilized iu carrying 
on the work in the more serious obstruction above. 

At Colbert Shoals work was continued with but tolerable progress, 
wing to high water and other causes, until November 15, 1876, when 
it was stopped for the season. 

9 Cubic yard*. 

Rock excavated from channel. 167$ 

Rock pat in damn.1. 2,198 

Rock qaarried. 1,055 

It is expected that this work will be completed during the present 
working season. 


July 1,1876, amount available. $359,935 92 

Amount appropriated by act approved Auguat 14, 1876. 255,000 00 

-$614,935 92 

July 1, 1877, amount expended duriDg fiscal year. 183,264 96 

Joly 1, 1877, outstanding liabilities. 10,474 64 

- 193,739 60 


July 1,1877, amount available. 421,196 32 

Amoont (estimated) required for completion of existing project. 3,097,500 00 

Amount that can be profitably expended in fiscal year ending June 30,1879 . 745,000 00 


(8ee Appendix R 2.) 


3. Improvement of Cumberland River, below Nashville .—Three hundred 
and thirty-five cnbic yards of rock were excavated from channel, and 
1,500 cubic yards of stone pat in dams at Harpeth Shoals, and 700 yards 
of stone qaarried and 1,625 yards of stone put in dams at Davis’s Ripple; 
a large number of snags, rocks, and overhanging trees were also re¬ 
moved. Work was done by hired labor and was suspended in January, 


the appropriation being exhausted. 

July 1,1876, amount available. $12,991 61 

July 1, 1877, amount expended daring fiscal year. 12,654 98 

July 1,1877, amount available. 336 63 


Amount (estimated) required for completion of existing project. 148,821 00 

Amount that can be profitably expended in fiscal year ending June 30,1879. 100,000 00 

(See Appendix R 3.) 


4. Improvement of Cumberland River from Nashville to the Kentucky 
Une .—The work consisted of quarrying stone for dams and excavating 
rock and gravel from the channel. At Holliman’s Island Shoals 3,285 
yards of stone qaarried, and 1,300 yards of gravel excavated. At Sand 
Shoal 2,640 yards of stone quarried, and 380 yards of rock excavated. 
At Cub Creek Shoals 2,385 yards of stone quarried, and 440 yards of 
rock and gravel excavated; also 33 logs, &c., removed from channel. 
At Bartlett’s Bar 1,710 yards of stone quarried. All the work was 
done by hired labor. 
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Amount appropriated by act approved August 14, 1876.$15,000 00 

July 1,1877,amouut expended during fiscal year.$7,817 73 

July 1,1877, outstanding liabilities. 3,315 21 

- 11,132 94 


July 1,1877, amount available. 3,867 06 


Amount (estimated) required for completion of existing project. 107,155 00 

Amount that can be profitably expended in fiscal year ending June 30,1879. 50,000 00 

(See Appendix R 3.) 

5. Improvement of Cumberland River from Kentucky line to the foot of 
Smith's Shoals .—Two hundred cubic yards of rock and gravel were ex¬ 
cavated from the channel, and 300 yards of stone quarried for dams at 
Wild Goose Shoals. The work was done by hired labor. 

Amount appropriated by act approved August 14,1876.$10,000 00 

July 1,1877, amount expended daring fiscal year. $1,247 80 

July 1,1877, outstanding liabilities. 844 37 

- 2,092 17 


July 1,1877, amount available. 

Amount (estimated) required for completion of existing project. 

Amount that can be profitably expended in fiscal year ending June 30,1879. 

(See Appendix R 3.) 


7,907 83 

81,609 00 
40,000 00 


0. Improvement of Cumberland River at Smith's Shoals .—The work, 
carried on by hired labor, has been quarrying 6,120 yards of stone and 
building 3,060 cubic yards of dams. At this point the project is mainly 
to iucrease the number of “ boatiig-tides 79 for boats engaged in the 
coal-trade, &c. The present work is particularly designed to improve 
down-stream.navigation. The officer in charge believes that a system 
of towing, by means of a wire rope and drum, can be made available 
for up stream navigation. 


Amount appropriated by act approved August 14,1876.$2”, 000 00 

July 1,1877, amount expended during fiscal year.$7,427 11 

July 1,1877, outstanding liabilities. 4,884 49 

-12,31160 


July 1,1877, amount available. 

Amount (estimated) for completion of existing project. 

Amount that can be profitably expended in fiscal year ending Jane 30,1879. 

(See Appendix R 3.) 


12,688 40 

45,000 00 
45,000 00 


7. Improvement of Cumberland River from Smith's Shoals to the Falls 
of the Cumberland. —As it was deemed advisable to organize parties for 
the other sections first, nothing was done on this section. It is expected, 
however, that all the work that the appropriation will admit of will be 
done before the close of the present working-season. 


Amount appropriated by act approved August 14,1876.$2,000 00 

July 1,1877, amount available. 2,000 00 


(See Appendix R 3.) 


8. Improvement of Coosa River , Georgia and Alabama. —An examina¬ 
tion of the river was made from Rome to Greensport. Thirteen shoals, 
which formed the chief obstructions to navigation, were selected for im¬ 
provement, beginning operations at Horseleg Shoals, about 1J miles be¬ 
low Rome, Ga. 

The work done before the end of the fiscal year consisted in building 
and fitting out boats, &c., and procuring tools and supplies. 

Work will be commenced as soon as practicable below Greensport, 
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Ala., where improvements are necessary to enable the boats which now 
ron between Rome aud Greensport to reach the coal-fields in Saint Clair 


County, Alabama. 

Amonnt appropriated by atft approved August 14, 1876. $30,000 00 

Jaly 1 1877, amount expended during fiscal year.$*239 41 

July 1,1877, outstanding liabilities. 227 71 

- 467 12 

July 1,1877, amount available. 29,532 88 

Amonnt (estimated) required for completion of existing project. 522,347 00 


Amonnt that can be profitably expended \n fiscal year ending June 30,1879. 100,000 00 

(See Appendix R 4.) 

9. Improvement of Hiatrassee River, Tennessee. —An examination of the 
river was made aud work was begun about the 1st of June, at Mat¬ 
thews’ Shoals and MagiPs Island. This allowed about one month’s work 
during the fiscal year, during which about 600 yards of rock were quar¬ 
ried for dams. 

Work will be begun in the channel as soon as the stage of water per¬ 
mits. 

The railroad-bridge over this river at Charleston, Tenn., will be a se¬ 
rious obstacle to the navigation of this river by the present class of boats. 


unless a draw is placed in the bridge. 

Amount appropriated by act approved August 14, 1876. $10,000 00 

July 1, 1877, amount expended during fiscal year.$281 20 

July 1, 1877, outstanding liabilities. 703 20 

- 984 40 


July 1, 1877, amount available. 9,015 60 

Amount (estimated) required for completion of existing project. 10,000 00 


Amount that cau be profitably expended in fiscal year ending J une 30,1879. 10,000 00 

(See Appendix R 5.) 

10. Improvement of Ocmulgec River , Georgia. —The appropriation for 
the improvement of this river, act of 1876, having been made available 
toward the close of the year, preparations were begun for the prosecu¬ 
tion of the work, which will begin on that part of the river below Haw- 
kinsville. It is hoped that before the close of the season it will be prac¬ 
ticable to begin work above Hawkinsville. A railroad-bridge at the 
latter point shots off steam navigation between Hawkinsville and Macou, 
and if this improvement is to be* fully utilized, it will be necessary to 
provide for the building'and operating of a suitable draw in this bridge. 


Amount appropriated by act approved August 14, 1876..$15,000 00 

July 1, 1877, amount expended during fiscal year.T. 46 67 

July 1,1877, amount available. 14,953 33 

Amount (estimated) required for completion of existing project. 41,240 00 


Amount that can be profitably expended in fiscal year ending June 30,1879. 41,240 00 

(See Appendix R 6.) 


11. Improvement of Oostenaula and Goosawattee Rivers .—No work was 
done on these rivers daring the fiscal year, for want of funds. A small 
balance of the former appropriation was expended for the care and pres¬ 
ervation of boats and other property belonging to the yvork. 


July 1,1876, amount available.-. 

July 1,1877, amount expended during fiscal year. 

Amount (estimated) required for completion of existing project. 

Amount that $an be profitably expended in fiscal year ending June 30,1879. 


$22 06 
22 06 
13,208 50 
13,208 50 


(See Appendix R 7.) 
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12. Improvement of Etowah River , Georgia .—As soon as the appropri¬ 
ation of August 14, 1876, was made available for the itnprovemeot of 
this river, steps were takeu to begin the work, but an examination hav¬ 
ing been found necessary, which was not completed within the fiscal 
year, no work has been done. The examination shows that a large sum 
will be required to make any useful improvement in this river, and it is 
difficult to devise a project for the economical expenditure of so small an 
appropriation, but as soon as such a project cau be made work will be 
begun. 


Amouut appropriated by act approved August 14,1876. $10,000 00 

July 1, 1877, amount available. 10,000 00 


Amount (estimated) required for completion of existing project.. .Project incomplete 

(See Appendix R 8.) 

IMPROVEMENT OF THE NAVIGATION AT THE FALLS OF OHIO RIVER- 
SUPERINTENDENCE AND MANAGEMENT OF THE LOUISVILLE AND 
PORTLAND CANAL. 

Officer in charge, Maj. G. Weitzel, Corps of Engineers, with Capt. 
Alexander Mackenzie, Corps of Engiueers,UQder his immediate orders. 

1. Improvement of the Falls of Ohio River .—The river has been at so 
high a stage during the year that uothiug could be done. 

No further appropriation is required for this work. 


July 1, 1876, amount available. $89,749 90 

July 1, 1877, amount expeuded during fiscal year. 7,098 62 

July 1, 1877, amount available. 8*2,650 68 

(See Appendix S 1.) 


2. Superintendence, management, and repair of the Louisville and Fort’ 
land Canal .—During the year 3,439 vessels have been passed through 
the locks, and 95,282 cubic yards of sediment removed by the dredges. 
The repairs on the tow-boat have been completed, and a large fire and 
wrecking pump added to the boat’s outfit; a new hull and a new boiler 
have been built for dredge No. 2 ; dump-scow No. 4 has been rebuilt; 
the shop has been extended, and one planer, one boring-machine, one 
circular saw, and one grindstone set up; new guard-gates were built 
and set up at head of new locks; new gates for the head of the canal 
were almost completed; r.ew winding-machinery was provided for mid¬ 
dle gates of the new locks; Eighteenth-street bridge was thoroughly 
repaired; foundation was completed and building commenced for super¬ 
intendent’s office; a second fire-cistern was commenced; slopes near 
new locks were partially graded and sodded, and the toll-collector’s 
house and workshops painted. 

In addition to the above the mechanics have been employed in re¬ 
pairs on machinery and accessories of the caual, and in making new 
machinery and tools, aud the laborers iu passing and docking boats 
and general work. 

Cash on band July 1, 1877. $44,892 © 

(See Appendix S 2.) 

IMPROVEMENT OF THE OHIO, MONONGAHELA, AND LITTLE KANAWHA 

RIVERS. 


Officer in charge, Maj. W. E. Merrill, Corps of Engineers, haviug 
under his immediate orders Lieut. F. A. Mahan, Corps of Engineers. 

1. Improvement of the Ohio River .—The only works of construction 
carried ou during the past fiscal year were the repair of the old dike at 
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the Trap, a few miles below Pittsburgh, and the extension of the dike 
just above Evansville, Ind. 

The dike at the Trap was built up to a level with the stage of 6£ feet 
in the channel for a length of 985 linear feet, of which length, 755 feet 
was composed of solid timber walls filled in with furnace>slag and stone. 
No cheaper method of construction would resist the shock of currents 
of ice across the dike. The work thus far built has stood well. During 
the present season the dike will be further extended about 2,009 feet. 

The dike at Evansville has been completed. As far as now known 
it has fully accomplished the results desired. Its total length is 2,009 
feet, of which a length of 1,800 feet has a width of 50 feet, and the re¬ 
mainder a width of 40 feet. 

The Jackson Rock in the Grand Chain, a well-known and serious ob¬ 
struction, has been entirely removed by surface-blasting. 

The snag-boat E. A. Woodruff has done good service in removing 
obstructions. During 1876 it removed and destroyed 915 snags and 21 
wrecks. The heaviest snag weighed about 96 tons, the average weight 
being 8£ tone. 

The United States dredges Ohio and Oswego have done the follow¬ 
ing dredging during the fiscal year: 

Cubic yards. 


Raccoon Island... 16,970 

Dead man’s Island. 16,080 

Fish Creek Island. 26,345 

Captina Island. 7,830 

Cumberland Island. 11,788 


Total.I. 79,013 


On the 30th of November the dredges went up the Wabash, and re¬ 
turned to the Ohio on March 1, 1877. During the fiscal year, besides 
dredging they removed two wrecks from the channel. 

The work at Cumberland Island consisted in making an opening 420 
feet in width through the old dam across the Ohio at this point. 

No work was done during the fiscal year on the movable dam at Davis 
Island, but on the 17th of March the Pennsylvania legislature passed 
an act cediug jurisdiction to the United States over the land required 
for this purpose, and the legal authorities of the Government are now 
taking the proper steps to condemn such land as cannot be purchased 
on reasonable terms. As soon as possession of the laud is obtained the 
work of construction will be pushed with vigor. 

The officer in charge submits the following estimate for the fiscal year 
1878—’79: 


For snag boat and dredges. $60,000 00 

For riprap dams, office expenses, and contingencies. 100,000 00 

For movable darn at Davis Island. 365,000 00 


Total amount required. 525,000 00 


July 1,1876, amount available. $117,020 95 

Amount appropriated by act approved August 14, 1876 . 175,000 00 

- 292,020 95 

July 1,1877, amount expended during fiscal year. 110,577 59 

July 1,1877, outstanding liabilities. 6,924 00 

- 117,501 59 


July 1, 1877, amount available. 174,519 36 


Amount that can be profitably expended in fiscal year ending June 30,1879. 525,000 00 
(See Appendix T 1.) 
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Owing to an impression which has been manifested that the im¬ 
provement of the navigation of the Ohio River by locks and dams with 
adjustable chutes is not admissible when applied to the peculiar navi¬ 
gation of that river, a board of engineer officers was convened with the 
view of taking into consideration and replying to the arguments in op¬ 
position to that plan, embraced in a memorial to Congress, December 
23,1875, by the Coal Exchange and Steamboatmen’s Association of 
Pittsburgh. 

The report of the boartl, together with the memorial in question, and 
other communications relating to this subject, will be fouud in Appen¬ 
dix T 2. 

2. Improvement of the Monongahela River .—All the funds appropri¬ 
ated for the construction of a lock and dam at Hoard’s Rocks, West 
Virginia, have been expended. The lock is complete, except miter and 
lift walls, and the dam is abont one-third built. The stone necessary 
for the completion of the work is quarried and on the ground. For 
reasons set forth at length in the report of the officer in charge an addi¬ 
tional appropriation of $25,000 will be required for this work. An ap¬ 
propriation is also recommended for the lock at Laurel Run, which, when 
finished, together with one lock and dam to be built by the Mononga¬ 
hela Navigation Company, will complete the slack-water from Pittsburgh 
to Morgantown. 


Estimate for the fiscal year 1878-79. 

For completion of lock and dam at Hoard’s Rocks. $25,000 00 

For lock at Laurel Ran, (omitting miter-walls, gates, and valves). 60,000 00 

Total amount required. 85,000 00 

July 1,1876, amount available. 37,814 61 

July 1, 1877, amount expended during fiscal year. 37,295 07 

July 1, 1877, amount available. 519 54 

Amount (estimated) required for completion of existing project. 214,000 00 

Amount that can be profitably expended in fiscal year ending June 30, 1879 . 85,000 00 

(See Appendix T 3.) 


« 

3. Improvement of the Little Kanawha River .—Work on the improve¬ 
ment of this river did not begin until the middle of June, but it is rapidly 
progressing. The officer in charge recommends an additional appropri¬ 
ation for removing obstructions in the main river and its west fork, and 
also for the construction of a lock and dam to continue the existing 
slack-water. 


Estimate for the fiscal year 1878-79. 


For removing obstructions. $5,000 00 

For the construction of a lock. 40,000 00 

Total amount required. 45,000 00 

Amount appropriated by act approved August 14, 1876.* 7,300 00 

July 1, 1877, outstanding liabilities... 550 00 

July 1, 1877, amount available. 6,750 00 


Amount that can be profitably expended in fiscal year ending June 30,1879. 45,000 00 

(See Appendix T 4.) 
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EXAMINATIONS AND SURVEYS FOR IMPROVEMENT. 

To comply with a resolution of the House of Representatives of March 
2, 1877, Major Merrill has been instructed to make, and is now engaged 
upon, examinations and surveys to determine the best method of protect¬ 
ing, by harbors of refuge or otherwise, the commerce of Cincinnati during 
ice floods in the Ohio. 

IMPROVEMENT OF WABASH RIVER, INDIANA. 

Officers in charge, Maj. W. E. Merrill, Corps of Engineers, to Janu¬ 
ary 22, 1877; since which time Maj. Jared A. Smith, Corps of Engineers. 

The contractors for building a dam across New Harmony Cut-ofif hav¬ 
ing failed to prosecute the work as required, their contract was annulled, 
and the officer in charge proceeded to complete the dam with hired labor. 
The work was finally finished in January, 1877. Early in February, 
during a high stage of water with floating ice, a severe breach occurred 
in the island end of the dam, which entailed a large amount of labor 
for its repair. It is expected to be put in good condition during the 
present season. 

At Warwick’s Ripple the contractor found it impracticable to proceed 
owing to high water, and for that reason his contract was extended. 

At Little Chain Cut-off considerable work has been done in dredging 
and removing snags in order to turn the channel of the river and save 
the expensive excavation, which will otherwise be necessary, through a 
ledge of rock in the river’s bed; 14,125 cubic yards of material have 
been dredged and deposited on the^opposite shore, and 220 snags have 
been removed. This work will be continued during the season. It is 
proposed as far as possible in the ensuing year to complete the improve¬ 
ments required below Grand Rapids, and if deemed advisable the work 
on the lock at that poiut will be begun. 

The act of August 14, 1876, appropriated $70,000 for “ improving 
Wabash River, Indiana.” As it was not available until near the close 
of the fiscal year it remains for expenditure the ensuing year. 

Estimates for 1878-1879. 

The following estimate has been submitted with the last two annual 


reports, and is repeated here, viz: 

For rebuilding Grand Rapids lock...$130,000 00 

For engineering and contingencies. 15,000 00 

• _ 

145,000 00 

July l, 1876, aroonnt available...$34,114 88 • 

Amount appropriated by act approved August 14, 1876 . 70,000 00 

- 104,114 88 

July 1, 1877, amount expended during fiscal year. 18,435 27 

July 1,1877, amount available. 85,679 61 


Amount that can be profitably expended in fiscal year ending June 30,1879. 100,000 00 

(See Appendix U.) 


TRANSPORTATION-ROUTES TO THE SEABOARD. 

The surveys of the third subdivision of the central route , designated 
as— 


A connection by canal or a freight-railway from the Ohio or Kanawha Rjver, near 
Charleston. I y the shortest and taost practicable route through West Virginia to tide¬ 
water in Virginia— 
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were made, iu compliance with the provisions of the act of June 23, 
1874, under the supervision of Maj. William P. Oraighill, Corps of Engi¬ 
neers, who submitted a final report, dated November 10,1870. 

This report was printed as Executive Document No. 15, Senate, 
Forty-fourth Congress, second session. 

(See also Appendix Y.) 


BRIDGING THE NAVIGABLE WATERS OF THE UNITED 

STATES. 

1. The river and harbor act of June 23,1806, made provision for ex¬ 
amining and reporting upon the Bubject of constructing railroad-bridges 
across the Mississippi, between Saint Paul, Miun., and Saint Louis, 
Mo., upon such plans of construction as would offer the least impediment 
to the navigation of that river. 

This subject was, at the time, assigned to Maj. G. K. Warren, Corps 
of Engineers, but his report thereon has been delayed from the pressure 
of other important duties. Since the date of the act there has been an 
almost continued increase of new and important data. Previous to the 
past fiscal year the surveys which Major Warren bad caused to be made 
did not include the bridges and changes made since 1870, but during 
the year a survey has been made of those bridges and much additional 
information has been obtained. 

As all the material has now been collected, it is expected that the 
report will be received in time to be submitted to Cougress early iu the 
approaching session. 

(See Appendix W 1.) 

2. To enable the Secretary of War to comply with the requirements 
of an act for the further security of navigation on the Mississippi Kiver, 
approved March 3, 1875, a board of engiueer officers was constituted to 
consider the subject of causing sheer-booms to be placed on the end of 
all or any bridge piers on the Mississippi for the better security and 
convenience of the navigation of the river for rafts of logs and timber. 

The report of the board, with my letter of transmission, was printed 
in Executive Document No. 41, House of Representatives, Forty-fourth 
Congress, second session, and will be found in Appendix W 2 of this 
report. 1 again invite attention to the recommendations therein con¬ 
tained. 

RAILROAD ACCIDENTS. 

A bill, H. li. No. 4358, Forty-fourth Congress, second session, was 
introduced by Hon. J. A. Garfield, to provide for the more thorough 
investigation of accidents on railroads; and a communication, contain¬ 
ing remarks upon the bill, from Mr. T. C. Clarke, civil engineer, was 
submitted by Mr. Garfield to the President and referred to the War 
Department and thence to this office. 

The papers in the case were subsequently transmitted to the Board 
of Engineers for Fortifications for consideration and suggestion and such 
modification or amendment to the bill as it might see fit to propose. 

The reply of the Board, together with the communication of Mr. Clarke 
and a copy of th3 bill in question, will be found in Appendix W 4 of 
this report. 
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LAKE HARBORS AND RIVERS. 


HARBOR IMPROVEMENTS AT SUPERIOR CITY, SUPERIOR BAY, AND 
DULUTn, LAKE SUPERIOR. • 

Officer in charge, Maj. F. U. Farquhar, Corps of Engineers. 

1. Improvement of harbor'at Duluth, Minnesota .—Three hundred and 
ten cords of stone were placed as an enrockment along the channel- 
face of the north pier of the canal. A contract has been made for con¬ 
tinuing the dredgiug in the inside harbor. To continue this dredging 
economically, the officer in charge recommends an annual appropriation 


of $50,000 until the woik is completed. 

July 1,1876, amount availablo.$4,317 03 

Amount appropriated by act approved Angubt 14,1876. 15,000 00 

-$19,317 06 

Jnly 1,1877, amonnt expended during fiscal year. 2,601 35 

July 1,1877, outstanding liabilities. 32 12 

- 2,633 47 


July 1, 1877. amonnt available. 16,683 69 


Amonnt that can be profitably expended in fiscal year ending June 30,1879 . 50,000 00 

(See Appeudix X I.) 

2. Improving natural entrance to the Bay of Superior. —Some repairs 
were made to the inner eud of the Minnesota pier. There has been no 
shoaling in the channel-way between the piers. 

During the preseut season it is proposed to protect Minnesota Point 
at a place where the winds have cut it down. 

As the piers will soon require some repairs, the officer in charge recom- 
meuds that $7,000 be appropriated for this and other contingencies. 


July 1, 1876, amount available. $89 46 

Amount appropriated by aot approved August 14, 1876. 3,000 00 

-$3,089 46 

July 1, 1877, amount expended during fiscal year. 589 46 


July 1, 1877, amount available.. 2,500 00 


Auionnt (estimated) required for repairs of existing works. 7,000 00 

Amount that can be profitably expended in fiscal year ending June 30,1879. 7,000 00 

(See Appendix X 2.) 


HARBORS ON LAKE SUPERIOR, (EXCEPT DULUTH AND SUPERIOR CITY,) 
ON GREEN BAY, AND ON THE WESTERN SHORE OF LAKE MICHIGAN, 
NORTH OF MILWAUKEE, WISCONSIN. 

Officer in charge, Maj. Henry M. Robert, Corps of Engineers. 

1. Ontonagon Harbor , Michigan .—The work under contract has been 
completed. Superstructure is being built over the unfinished cribs, 
which, when done, will make the piers each about 1,300 feet long; 2,500 
feet being the length originally planned. It is proposed to continue the 
pier-extension, for which purpose $30,000 is asked for by the officer in 
charge. 

7 E 
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This is an important work, being the only available harbor of refuge 
on a long stretch of coast. 


July 1, 1876, amount available. #4,793 74 

Amount appropriated by act approved August 14, 1876. 15,000 00 

-#19,793 74 

July 1,1877, amount expended during fiscal year. 4,845 :J9 


July 1, 1877, amount available. 

Amount (estimated) required for completion of existing project. 

Amount that can be profitably expended in fiscal year ending June 30,1879. 


14,948 35 

193,170 00 
30,000 00 


^See Appendix Y 1.) 


2. Eagle Harbor, Michigan .—The work of blasting a channel across 
the ledge of rock which obstructs the entrance to this harbor, com¬ 
menced in 1875, was continued and is still in progress. The work of 
drilliug and blasting is nearly finished and the broken rock is being 
removed by a dredge. 

Although the project beiug carried out contemplates a further expend¬ 
iture of $180,302, the officer in charge does not consider such a large 
additional outlay upou this harbor justifiable, and proposes, after tbe 
channel is cut through the ledge of rock, to build short guiding crib- 
piers, oue ou each side of the channel, when he thinks the harbor will 
need no further improvement. This will require a further appropriation 
of $10,000 for the next fiscal year, and will reduce the expense of the 
improvement at this harbor, from the estimate, by $176,362. 


July 1, 1876, amount available. #9,933 99 

Amount appropriated by act approved August 14, 1876. 12,000 00 

-#21,933 99 

July 1, 1877, amount expended during fiscal year. 8,345 22 


July 1, 1877, arnonut available 


13,588 77 


Amount (estimated) required for completion of existing project. 186,362 36 

Amount that can be profitably expended in fiscal year ending June 30,1879. 10,000 00 

(See Appendix Y 2.) 

3. Marquette Harbor , Michigan. —Some repairs were made to the break¬ 
water. Woollier work is contemplated daring the present season. The 
recommendation for an increase of 400 feet to the length of tbe break¬ 
water, made during the last two years, is renewed. Tbe extension will 
cost $68,000, and if made, the work will then have cost $10,870 less 
than originally estimated, and will be 410 feet longer than originally 
proposed. For this purpose $20,000 will be required for the next fiscal 
year. 

July 1, 1876, amount available. #1,083 45 

Amount appropriated by act approved August J4, 1876 . 2,000 00 


- $3,083 45 

July 1, 1877, amount expeuded during fiscal year. 592 55 

July 1, 1877, amount available. 2,490 90 

Amount (estimated) required for completion of project recommended. 68,000 00 


Amount that can be profitably expended iu fiscal year ending June 30,1879. 20 ,000 00 

(See Appendix Y 3.) 

4. Menomonee Harbor , Michigan and Wisconsin .—The contract of the 
previous year was extended to cover the working season of 1876. Forty 
thousand five hundred and eighty-four aud two-teuths cubic yards of 
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dredging was done, which, with the quantity previously removed, makes 
a total of 134,0(3l T ^ cubic yards of material removed under this con¬ 
tract. Eighty-three thousand cubic yards were dredged in the harbor 
by private parties, and the south pier received extensive repairs. Five 
cribs are being built in extension of the piers during the present season 
by contract, and it is proposed to continue the pier extension during 
the fiscal year 1878-’79. 


Jaly 1, 1876, amount available.$12,245 47 

Amount appropriated by act approved August 14, 1876. 8,000 00 

-$20,245 47 

July 1,1877, amount expended during fiscal year. 10,714 24 


July 1, 1877, amount available. 9,531 23 

Amount (estimated) required for completion of existing project.. 79,000 00 


Amount that can be profitably expended in fiscal year ending Juue 30,1879. 25,000 00 

(See Appendix Y 4.) 

5. Green Bay Harbor , Wisconsin .—The east and west pier revetments 
were repaired where damaged by the moving ice in the winter of 1875-’76, 
and the pile-protection to the east pier has been exteuded. Dredging 
on the line of the improvement will be continued (luring the present 
season as far as the available funds will permit. The continuation of 
U$e same w ork is proposed during the next fiscal year. 

This harbor should be pushed to an early completion, as,independently 
of the local trade, it forms the lake-outlet for the Fox and Wisconsin 
river improvement. A straight cbaunel of 14 feet w ater through the 
flats at the mouth of the Fox River is the object aimed at. To pre¬ 
serve it when completed will require a small annual appropriation. 


Jaly 1,1876, amount available. $419 16 

Amount appropriated by act approved August 14, 1876. 8,000 00 

-$8,419 16 

July 1, 1877, amount expended during the fiscal year. 2,274 73 


July 1,1877, amount available 


6,144 43 


Amount (estimated) reqnired for completion of existiog project. 27,000 00 

Amount that can be profitably expended in fiscal year ending Juue 30,1^79. 15,000 00 

(See Appendix Y 5.) 


6. Harbor of Refuge at Sturgeon Bay Canal , Wisconsin. —Xo appropri¬ 
ation has been made and no work done since 1874. The canal company 
has resumed work on the canal. The pile piers require repairs, and the 
recommendation of last year that $5,000 be appropriated for this pur¬ 
pose, and for such repairs as may be required from time to time, is 
renewed by the officer in charge. The piers will be partly filled this 
summer with the small amount on hand. Tbe work should not be per¬ 
mitted to go to ruin for want of repairs, as the harbor will eventually 
he an important point when the caual is completed. 


Jaly 1,1876, amount available. $401 21 

July 1,1877, amount available... 401 21 

Amount (estimated) required for completiou of existing project. 130,000 00 

Amonnttbat can be profitably expended in fiscal year ending June 30 , 

1879, for repairs... 5,000 00 

(See Appendix Y 6.) 


7. Ahnepee Harbor , Wisconsin .—The United States dredge was put in 
working order, and is engaged in removing the rock blasted in the bed 
of the river in 1876. Superstructures are being built on the seven cribs 
sank in 1875 by contract. The operations proposed for the next fiscal 
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year are the continuation of the rock work commenced in the spring of 
1876, under the modified plan of December 16, 1875. 


July 1, 1876, amount available. $284 91 

Amount appropriated by act approved August 14,1876. 8,000 00 

-$8,284 91 

July 1,1877, amount expended during fiscal year. 1,287 86 


July 1, 1877, amount available..... 6,997 05 


Amount (estimated) required for completion of existing project. 87,000 00 

Amount that can be profitably expeuded in fiscal year ending Juno 30, lb79. 22,000 00 

(See Appendix Y 7.) 

8. Two River8 Harbor , Wisconsin. —Repairs were made on the pile- 
revetment at the shore end of the north pier, which was damaged during 
a storm. Day-marks were erected ou the sunken cribs at the end of 
each pier. Superstructure is now being built on the six cribs suuk in 
1875. The piers will be further extended, sand-proof lining placed on 
the pile piers, and some dredging done in the channel with the amount 


required for the next fiscal year. 

July 1, 1876, amount available... $1,012 65 

Amount appropriated by act approved August 14,1876 . 5,000 00 

-$ 6,012 65 

July 1, 1877, amount expended during fiscal year. 1,043 51 


July 1, 1877, amount available. 4,969 12 


Amount (estimated) required for completion of existing project.155,588 80 

Amount that can be profitably expended in fiscal year ending June 30,1879. 20,000 00 

(See Appendix Y 8.) 

0. Manitowoc narbor , Wisconsin. —Superstructure was built over two 
cribs sunk in 1875, the work beiug done by hired labor and purchase iu 
open market. General repairs to the oldest portion of the piers were 
commenced in the spring and are still in progress. The operations con¬ 
templated during the next fiscal year are the extension of the piers and 
dredging. 

This port, being the oftenest sought as a harbor of refuge of all on the 
northwestern shore of Lake Michigan, should be improved, so as to 
admit vessels drawing 16 feet water in all weather, at as early a date as 
possible. 

July 1,1876, amount available. $1,143 48 

Amount appropriated by act approved August 14, 1876 . 8,000 00 

-$9,143 48 

July 1, 1877, amount expended during fiscal year.*.. 7,011 79 


July 1,1877, amount available.■. 2,131 09 


Amount (estimated) required for completion of existing project. 36,682 54 

Amount that can be profitably expended in fiscal year ending June 30,1879. 20,000 00 

(See Appendix Y 9.) 


10. Sheboygan Harbor , Wisconsin .—The work of repair (commenced in 
1875) on the old portion of the piers was continued, aud though tempo¬ 
rarily suspended since June 1, will be resumed about September l,and 
continued through the fiscal year 1878-79, should funds be appropri¬ 
ated. The decay of the old superstructure, and the necessity for dredg¬ 
ing, together with the elevation of the lake-bed siuce work was com¬ 
menced, render additional outlay necessary. The cost has so far ex¬ 
ceeded the estimates by $5,351, but over $15,450 haver been expended 
on repairs siuce July 1, 1875. 
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July 1,1876, amonnt available. $2,400 24 

Amount appropriated by act approved August 14, 1876. 6,000 00 

-$8,400 24 

Jaly 1,1877, amount expended during fiscal year.. 5,351 00 

Joly 1,1877, amount available. 3,049 24 

Amonnt that can be profitably expended in fiscal year ending June 30, 

1879, for repairs.1. 6,000 00 

(See Appendix Y 10.) 

11. Port Washington Harbor , Wisconsin .—Repairs were made on the 
embankment betweeu the harbor and the Sauk River, and to the pile 
revetment of the south bank of the harbor. The United States dredge 
was put in working order in anticipation of an appropriation in time to 
work during the season of 1876. Repairs were also made on the north 
pier. The dredging of the north basin will be commenced this season 
and continued, according to the modified plan, during the next fiscal 


year, should further appropriation be made. 

July 1,1876, amount available. $1,321 25 

Amount appropriated by act approved August 14, 1876 . 6,000 00 

-*i- $9,321 25 

July 1,1877, amount expended during fiscal year. 1,776 07 


July 1,1877, amount available. 7,545 18 


Amount (estimated) required for completion of existing project. 66,527 17 


Amount that can be profitably expended in fiscal year ending June 30,1879. 12,000 00 

(See Appendix Y 11.) 

HARBORS OF MILWAUKEE, RACINE, AND KENOSHA, LAKE MICHIGAN— 
IMPROVEMENT OF FOX AND WISCONSIN RIVERS. 

Officer in charge, Maj. D. O. Houston, Corps of Engineers, with Capt. 
G. J. Lydecker (to May 5, 1877) and Lieut. F. A. llinman, Corps of 
Engineers, under his immediate orders. 

1. Milwaukee Harbor , Wisconsin ,—The stone superstructure over the 
north pier was completed last season for a distance of 560 feet, except 
pavement between the side walls and part of the filling between. 

The sum of $5,000 of the appropriation of August 14, 1876, was made 
available in September, 1876, and a part of it applied to the construc¬ 
tion of a pile and timber protection for a distance of 500 feet ou the 
channel-face of the north pier. 

The balance of the appropriation ($21,000) was made available in 
April, L877, and is now being applied to rebuilding the old superstruc¬ 
ture of the south pier. 

It is expected this season to complete the pavement of the north pier 
as far as the walls are laid, and to make some necessary repairs. 

The future work contemplated at present is the completion of the 
stone superstructure over the north pier, and some additional filling in 
the outer cribs of both piers. 


July 1,1876, amount available. $7,575 87 

Amonnt appropriated by act approved August 14, 1876 . 26,000 00 

- $33,575 87 

July 1,1877, amount expended during fiscal year. 10,314 73 

July 1, 1877, outstanding liabilities. 5,233 94 

- 15,548 67 


July 1,1877, amonnt available. 18,027 20 

Amount (estimated) reqirred for completion of existing project. 30,000 00 

Amount that can be profitably expended in fiscal year ending June 30,1879. 30, 000 0 ) 

(See Appendix Z1.) Digitized by GoOQk 
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2. Racine Harbor , Wisconsin .—No work was done in 1870, except some 
minor repairs needed for preservation of the north pier. 

The appropriation of August 14,1876, ($8,000,) was made available iu 
April, 1877, and is being applied to rebuilding about GOO feet of the old 
timber superstructure of the north pier. It is expected to complete this 
work this season. The future work contemplated at present is the exten¬ 
sion of the north pier 150 feet. 


July 1, 1876, amount available. $£44 57 

Amount appropriated by act approved August 14, 1876 . 8,000 00 

-$8,244 57 

July 1, 1877, amount expended during fiscal year. 463 95 

July 1 , 1877, outstanding liabilities. 1,637 30 

-2,10128 


July 1, 1877, amount available. 6,143 32 

Amount (estimated) required for completion of existing project. 30,000 00 


Amount that can be profitably expended iu fiscal year euding June 30,1879.. 21,000 00 

(See Appendix Z 2.) 

3. Kenosha Harbor , Wisconsin .—No work was doue at this harbor iu 
1876, except some minor repairs. 

The appropriation ot August 14, 1876, ($8,000,) was made available 
in April, 187*, and this season the superstructure has been rebuilt over 
the two outer cribs of the north pier 100 feet iu length, and their filling 
which had settled replaced. 

Some dredging wilt also be needed this season. 

The future work required at this harbor oonsists in general repairs to 
old work, dredging in channel and extension of the piers from time to 
time. 


July 1, 1876, amount available. $361 83 

Amount appropriated by act approved August 14, 1876. 8,000 00 

-$3, am 83 

July 1, 1*^7, amount expended during fiscal year. 874 72 

July 1, 1877, outstanding liabilities. 3,415 86 

- 4,290 58 


July 1, 1*^77. amouut available 


4,071 25 


Amount i estimated) required for completion of existing project.. 80,000 00 

Amount that can be profitably expended in fiscal B \ear euding June 30,1879.. 17,000 00 

(See Appendix Z3.) 


4. Improvement of the Fox and Wisconsin rivers. —The improvement of 
th esc rivers is beiug carried on iu accordance with the plan heretofore 
reported, and the results arc given iu detail iu the accouipauyiug re¬ 
ports iu Appendix Z. 

It is expected this season to complete all the new locks and daras, 
except the coping on four locks on the upper Fox. to excavate cauals 
at these lour locks, and put iu temporary dams at same, so as to com¬ 
plete the system of slack-water uavigatiou in the Fox River. 

The turther improvement will consist in dredging and in rebuilding 
old works. 1 he old locks are Wing put iu the best working order 
practicable. 
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No work has been done on the Wisconsin River since 1375, owing to 
insufficient funds. 


Jaly 1,1876, amount available.$159,442 17 

Amount appropriated by act approved August 14, 1876. 270,000 00 


July 1,1877, amount expended during fiscal year. 269,448 68 

July 1,1877, outstanding liabilities... 14,685 48 


Jaly 1,1877, amount available. 

Amount (estimated) required for completion of existing project. 

Amount that can be profitably expended in fiscal year endiug June30,1879. 


$429,442 


284,134 
145,308 
2,975,663 
750,000 


17 


16 

01 

00 

00 


(See Appendix Z 4.) 


HARBORS OP CHICAGO, CALUMET, MICHIGAN CITY, AND NEW BUF¬ 
FALO, LAKE MICHIGAN. 

Officers in charge, Maj. G. L. Gillespie, Corps of Engineers, to May 5, 
1677, since which time Oapt. G. J. Lydecker, Corps of Engineers. 

L Chicago Harbor , Illinois .—Three courses of superstructure, with 
stone filling and plankiug, were built on the north pier extension, 600 
feet in length; 24 oak piles driven and capped as a protection to the 
pier-head. The close pile protection on sea side of breakwater was 
extended 292 feet. Some of the breakwater-cribs were partly refilled 
with stone, to provide agaiust settlement which has takeu place siuce 
their completion in 1875. 

The unexpended balance available at the close of the year will be 
applied to repairing the old piers and extending pile protection at end 
of north pier. 

An appropriation of $150,000 is recommended by the officer in charge 
for the fiscal year endiug June 30, 1879, to be applied as follows: 
$100,000 for continuation of breakwater; $40,000 for dredging in outer 
harbor; $10,000 for repairs of old piers. 


Jaly 1, 1876, amount available...$15,524 92 

Amount appropriated by act approved August 14, 1876. 5,000 00 


20,524 92 


Jaly 1,1877, amount expended daring»fiscal year. 17,855 48 

July 1,1877, amount available. 2,669 44 


Amount that can be profitably expended in fiscal year ending Juue 30,1879. 150,000 00 

(See Appendix A A 1.) 

2. Calumet Harbor , Illinois .—Work at this harbor was not commenced 
dnring the fiscal year until the 1st of May; since then 13,886 cubic 
yards have been dredged between the piers and through the outer bar. 

Materials for extending the north pier 150 feet have been purchased, 
and the work of framing cribs commenced. Dredging operations 
will soon be suspended, when about 18,000 cubic yards will have been 
excavated. The extension of the north pier will exhaust the balance of 
the appropriation. 

The original estimate of this improvement was, in round numbers, 
$300,000, of which $250,000 has been appropriated to date, leaving 
$50,000 to complete, all of which is asked by the officer in charge for the 
fiscal year euding June 30, 1879. This is needed to complete the dredg¬ 
ing and to extend the piers into deep water. 
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Jnly 1, 1876, amount available. $1,807 33 

Amount appropriated by act approved August 14, 1876 . 20,030 00 

- $21,807 33 

July 1, 1877, amount expended duriug fiscal year. 6,648 29 

July 1, 1877, outstanding liabilities. 2,307 80 

- 8,956 09 


July 1, 1877, amount available... 12,851 24 


Amount (estimated) required for completion of existing project. 50,000 W 

Amount that can be profitably expended in fiscal year ending June 30,1879. 50,000 00 

(See Appendix A A 2.) 

3. Michigan City Harbor , Indiana .—The principal work contemplated 
at the beginning of the year was to place the superstructure on 
twelve cribs of the breakwater which were sunk during the previoas 
season. No money became available for this purpose uutil the middle 
of September, and it was the 1st of October before work was fairy 
commenced. The season was then so far advanced that it was almost 
impossible to make much progress, the work at the beginning being 
from 1 to 3 feet under water. By the end of November there was ore 
course of the superstructure above the water over the entire length of 
the breakwater, except one crib, and the secoud course was placed fora 
distance of 200 feet; the entire work was well filled with stone. A ter¬ 
rific gale, lasting four days, (November 28 to December 1,) destroyed a’l 
that had been accomplished, and the severity of the weather precluded 
any further operations at that time. Work was resumed May 1, anil 
continued until the end of the year in repairing the damage doue to the 
unfinished work by the gale referred to,aud by subsequent storms during 
the winter. The bulk of the last appropriation has been exhausted ii 
this way. The experience of the past year at this exposed point ind* 
cates the urgent need of making the next appropriation sufficient to 
complete the work, at least so far as necessary to avoid damage aiyl 
loss such as that above reported. The amount required for this pur¬ 
pose is $100,000, to be applied as follows: 


For completing construction of breakwater.. $75,000 40 

For refilling and repairing harbor-piers. 5,000 10 

For dredging in outer harbor. 20,000 (0 

July 1, 1876, amount available. $1,191 05 

Amount appropriated by act approved August 14, 1876. 35,000 00 

-$36,191 15 

July 1, 1877, amount expended during fiscal year. 25,579 12 

July 1, 1877, outstanding liabilities. 1,6*21 82 

-:- 27,200 94 


July 1, 1877, amount available.. 8,990 11 

Amount (estimated) required for completion of existing project. 120,000 00 


Amount that can l>e profitably expended in fiscal yearendiug June 30,1879. 100,000 00 

(See Appendix AA 3.) 

4. New Buffalo Harbor , Michigan .—There was no work done here dur¬ 
ing the year. None is contemplated for the ensuing year. 

There has been no appropriation for this improvement since 1872, and 
none is now recommended. 

July 1,1876, amount available. $5,541 85 

July 1,1877, amount expeuded duiing fiscal year. 528 41 

Jnly 1, 1877, amount available. 5,013 44 

(See Appendix A A 4.) 
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HARBORS ON THE EASTERN SHORE OF LAKE MICHIGAN. 


Officer in charge, Maj. S. M. Mansfield, Corps of Engineers. 

1. Charlevoix Harbor, Michigan .—Thisis a new work, for which $10,000 
was appropriated in the act of August 14,1876. This will be expended 
this season iu dredging a channel of 11 feet, and constructing a south 
pier to protect its mouth from being closed by the drift of sand along 
the beach. The work is under contract and progressing. 

In farther continuance of this work of improvement $30,000 can be 
very profitably expended during the next fiscal year. 


Amount appropriated by act approved August 14, 1876. $10,000 00 

July 1,1877, amount expended during fiscal year. $135 57 

July 1,1877, outstanding liabilities. 4,620 10 

- 4,755 76 


July 1,1877, amount available. 5,244 24 ft 


Amonnt (estimated) required for completion of existing project. 176,000 00 

Amount that can be profitably expended iu fiscal year endi ug J une 30, 1870. 30,000 00 

(See Appendix B B 1.) 

2. Frankfort Harbor, Michigan .—For want of sufficient funds no work 
was attempted duriug the fiscal year beyond some slight repairs to the 
existing work. Three thousand dollars was appropriated to this work 
by act of August 14,1876. This, with the balance of former appropria¬ 
tion, will permit of the addition of one crib to the south pier* the rais¬ 
ing of the pier for a distance of 300 feet to the proper level above water; 
the replacing of broken timbers by new ones, and the filling of the outer 
crib of the south pier, which is almost entirely empty. 

There is an available water-way of 11 feet between the piers. 

The harbor is an important one, owing to its locality, and should 
have a permanent depth of at least 14 feet. 

To carry out the recommendations made yearly since 1872 will require 
$22,000, which amouut cau bo profitably expended next season. 

Jnlyl, 1876, amount available. $4,402 42 

Amount appropriated by act approved August 14, 1870. 3,000 00 

-$7, 402 42 

July 1, 1877, amonnt expended during fiscal year. 1,141 96 

Ju^y 1, 1877, outstanding liabilities.•_ 2,810 15 

- 3,952 11 

July 1, 1877, amouut available. 3,450 31 

Amount (estimated) required for completion of existing project. 22,000 00 

Amonnt that can be profitably expended in fiscal year eudiug June 30,1879. 22,000 00 

(See Appendix B B 2.) 

3. Manistee Harbor, Michigan .—Duriug the year some needed repairs 
were made to the piers, and an obstruction of sand at the bend in the 
river was removed, affording temporary relief to navigation. 

There is an available channel-way of about 10 feet between the Gov¬ 
ernment piers. 

Under the appropriation of August 14,1876, ($14,000,) a contract has 
been made to remove the point of sand in bend of river and revet the 
bank for a distance of 320 feet, and dredge the channel to a depth of 12 
feet.. 

As the further extension of the piers is demanded, and according to 
the estimates a balance of $76,771 is required for the purpose, the sum 
of $30,000 can be very profitably expended next season. 
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July 1, 1876, amount available. $10,381 78 

Amount appropriated by act approved August 14,1876. 14,000 00 

-$24,381 78 

July 1, 1877, amount expended during fiscal year. 10,564 42 

July 1, 1877, outstanding liabilities. 6,647 57 

-17,211 99 

July 1, 1877, amount available. 7,160 79 

Amount (estimated) required for completion of existing project. 76,771 00 

Amount that can be profitably expended in fiscal year ending June 30, 1879 . 30,000 00 

(See Appendix BB3.) 

4. Ludington Harbor , Michigan .—But little was accomplished during 
the year with the balance of the appropriation of 1875. 

During a severe gale of the 8th of December, the end crib of south 
pier was forced out and lodged upon the beach. It will be recovered 
and placed in the north pier this season. 

The harbor is in good condition, having a channel of 12 feet through 
the center between the piers. 

Ten thousand dollars was appropriated by act of August 14, 1876, and 
will be applied chiefly to pier-extension. 

The work is progressing under contract. 

The recommendations lor pier extensiou are renewed. The estimates 
amount to $26,000, which sum can be x>rotitably expended next season. 


July 1, 1876, amount available. $2,037 03 

Amount appropriated by act approved August 14, 1876. 10,000 00 

-$12,037 03 

July 1, 1877, amount expended during fiscal year. 1,826 47 

July 1, 1877, outstanding liabilities. 6,167 53 

- 7,994 00 


July 1, 1877, amount available. 4,043 03 


Amount (estimated) required for completion of existing project. 26,000 00 


Amouut that cau be profitably expended iu fiscal year ending Juue 30,1879 . 26,000 00 

(See Appeudix B B 4.) 

5. Pentwater Harbor , Michigan .—The Government dredge removed 
from the channel 7,230 cubic yards of sand; and the revetment received 
some slight repairs; exhausting the appropriation of 1873. 

The piers are in fair condition. 

The north side revetment will be carried eastward 500 feet or more 
this season, with the appropriation now available. This work is under 
contract. 

The recommendations and estimates made annually since 1873 are 
renewed, aud the unappropriated balauce of $30,200 cau be profitably 


expended next season. 

July 1, 1876, amount available. $1,703 63 

Amount appropriated by act approved August 14, 1876. 10,000 00 

-$11,703 63 

July 1, 1877, amount expended during fiscal year. 1,874 47 

July 1, lo77, outstanding liabilities. 5,957 86 

- 7,832 33 


July 1, 1877, amount available. 3,871 30 


Amount (estimated) required for completion of existing project. 39,200 00 


Amouut that can be profitably expended iu fiscal year ending Juue 30,1879 . 39,200 00 

(See Appeudix B B 5.) 

6. White River Harbor , Michigan .—Some repairs were made to the 
piers, and the Government dredge removed a wreck and 12,480 cubic 
yards of sand from the channel, exhaustiug the appropriation of 1873. 
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From the appropriation of August 14,1876, $1,000 was allotted late 
in the season to secure the work for the winter, and expended. 

This spring the chanuel was fouud available for vessels drawing only 
9 feet of water. 

The Government dredge has opened a channel of 10 feet, and some 
repairs have been made to the revetments. Work to the extent of avail¬ 
able funds will be done later in the season, in dredging, &c. 

Thirty-one thousand eight huudred and ninety-one dollars remain to 
be appropriated for pier-extension, to complete the present project. It 
can be profitably expended during the next working-season. 


July 1,1876, amount available.-.. $2,080 46 

Amount appropriated by act approved August 14,1876 . 5,000 00 

7,080 46 

July 1,1877, amount expended duringfiaca) year. 4,150 79 

July 1,1877, amount available. 2,929 67 

Amount (estimated) required for completion of existing project, (including 
dredging)...-.. 36,891 56 

• . .i . « n . i i t i • r* « • « nA <« AAA AA 


Amount that can be profitably expended in fiscal year ending J uue 30,1879 . 32,000 00 

(See Appendix B B 6.) 

7. Mmlegon Harbor , Michigan .—The work at this harbor during the 
fiscal year consisted of necessary repairs. 

The channel is in good condition, with an available water-way of 13 
feet. 

Under the appropriation of August 14, 1876, two cribs will be added 
to the south pier. The work is under contract. The end of the pier will 
then rest in 20 feet of water, and no appropriation is asked for the fiscal 


year 1878-79. 

Jnly l, 1876, amonut available. $6,528 62 

Amount appropriated by act approved August 14, 1876. 15,000 00 

_ -$21,528 62 

Jnly 1,1877, amount expended during fiscal year. 3,703 16 

Jnly 1,1877, outstanding liabilities. 8,543 98 

- 12,247 14 


July 1,1877, amount available. 9,281 48 


Amount (estimated) required for completion of existing project. 8,898 04 

(See Appendix B B 7.) 


8. Grand Haven Harbor , Michigan .—Both pier-heads were riprapped 
last fall aud some defective places in piers and revetments repaired, 
leaving them in good condition for the winter. 

The whole chaunel-way between the piers is now available for any 
class vessel plying the lakes. 

With the appropriation of $15,000 of act of August 14, 1876, the 
north pier will be extended 150 feet. The work is progressing under 
contract. 

Upon completion the pier-heads will be nearly abreast. As a further 
extension of the north pier may be deferred tor the preseut, the esti¬ 
mates therefor are omitted. 

Fourteeu thousand four hundred dollars will be required to continue 
the revetment into the bend of the river, and $3,640 for repairs. Nine 
thousand six hundred and eight dollars aud ninety-six cents is also 
required to renew the superstructure over 800 feet of south pier. Total, 
$27,648.96. 
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July 1, 1876, amount available. $4,774 23 

Amount appropriated by act approved August 14, 1876. 15,000 00 

-$19,774 *23 

July 1, 1877, amount expended during fiscal year. 3,506 12 

July 1, 1877, outstanding liabilities. 13,264 72 

- 16,770 84 


July 1, 1877, amount available. 3,003 39 


Amount (estimated) required for completion of existing project. 44,148 96 

Amount that can be profitably expended in fiscal year ending June 30,1879. 27,600 00 

(See Appendix BB8.) 

0. Black Lake Harbor, Michigan .—The encroachments of sand through 
the revetment and by the month of the harbor left but 7 feet water in 
the channel last fall. The funds on hand were not sufficient for the 
extended repairs necessary, so the pier-heads were secured and the work 
left for the wiuter. This spring we find but about 6£ feet water between 
the piers for quite a distance. 

Under the appropriation of August 14, 1876, the whole work will be 
put iu complete order, with revetments impervious to the passage of 
sand. The channel will be dredged out to 11 feet water and south pier 
extended 50 feet. The work is now progressing under contract. 

Both piers should be extended 200 feet to secure a channel-way of 12 
feet, which is proportionate to the harbor’s commercial importance. 
Thirty-two thousand dollars will be needed for this purpose, and can be 
profitably expended during the next season. 


July 1, 1876, amount available. $4,281 65 

Amount appropriated by act approved August 14,1876. 15,000 00 

-$19,28165 

July 1,1877, amount expended during fiscal year. 1,608 32 

July 1,1877, outstanding liabilities. 7,191 18 

- 8,799 50 


July 1,1877, amount available. 10,482 15 

Amount (estimated) reqirred for completion of existing project. 32,000 00 


Amount that cau be profitably expeuded iu fiscal year ending July 30,1879.. 3i, 0J0 00 

(See Appendix B B 9.) 

10. SaugatuckHarbor , Michigan. —Oue-balf the appropriation of August 
14, 1876, was made available last fall, and all necessary repairs were 
made to the piers to secure them for the wiuter. The balance of tbe 
appropriation was made available this spring, and during June par¬ 
tially expeuded in refilling the piers and revetments and decking tbe 
south pier-head. 

Thirty-eight thousand four hundred aud fifty eight dollars and seventy- 
four cents has been estimated as necessary to complete the existing 
project, $L0,000 of which can be profitably expended next season iu 


extending the north pier. 

July 1,1876, amount available. $244 86 

Amount appropriated by act approved August 14,1876 . 3,00J 00 

-$3,244 86 

July 1,1877, amount expended during fiscal year. 1,705 82 

July 1,1877, outstanding liabilities. 1,111 83 

-2,817 65 


July 1,1877, amount available. 

Amount (estimated) required for completion of existing project.. 

Amount that cau be profitably expeuded in fiscal year ending Juue 30,1879.. 

(See Appendix BB 10.) 


427 21 

38,458 74 
10,000 00 
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11. South Haven Harbor , Michigan .—Of the last appropriation for this 
work ($10,000) there was allotted late in the season $3,500 for absolutely 
necessary repairs. The pier heads were secured, and now stand in good 
condition. 

During the winter a breach of 90 feet was forced through the south 
revetment, near the shore line, through which the saud entered and 
tilled the channel between the piers, so as to leave but 6£ feet of water. 

The balance now available will be used this season in closing this 
gap and dredging the channel to about 11 feet. The work is beiug done 
with the Government machinery and hired labor. 

The recommendations of last year are renewed : 250 feet revetment, 
north side, estimated cost $12,000, aud the extension of both piers 300 
feet, estimated cost $60,000, of which $25,000 can be profitably expended 
daring the next working season. 

July 1,1876, amount available. $90 27 

Amount app:opriated by act approved August 14, 1876. 10,060 00 

-- $10,090 27 

Jnly 1, 1877, amount expended during fiscal year. 4,736 05 

July 1,1877, outstanding liabilities. 1,439 30 


- 6,175 35 

July 1, 1877, amount available... 3,914 92 

Amount, (estimated) required for completion of existing project___ 72,000 00 

Amount that can be profitably exponded. in fiscal year ending June 30,1879. 25,000 00 

(See Appendix B B 11.) 


12. Saint Joseph Harbor and River , Michigan .—A part of the appro¬ 
priation of August 14, 1876, was expended in needed repairs, aud a 
contract made to extend the north pier 50 feet. 

As a considerable outlay is necessary to put the work in complete 
order, the balance on hand will be applied accordingly this season. 

The end crib of north pier was carried away in March, 1876; its place 
was supplied with a new crib in June last. 

The water in the channel holds to a good depth. 

The recommendations aud estimates of last year are renewed, viz: 
to extend the north pier to 16 feet water, estimated to cost $16,261.71; 
and $15,000 will be required for the improvement in the river at the 
month of caual leading to Benton Harbor. 

July 1,1876, amount available.. $365 40 

Amouat appropriated by act approved August 14, 1876. 12,000 00 

-$12,365 40 

July 1,1877, amount expended during fiseal year. 4,309 36 

July 1, 1877, outstanding liabilities. 1,048 74 


- 5,358 10 

July 1,1877, amount available. 7,007 30 

Amount (estimated) required for completion of existing project. 31,261 71 

Amount that cau be profitably expended in fiscal year endiug June 30,1879 . 31,000 00 

(See Appendix B B 12.) 


ENLARGEMENT OF SAINT MARY’S FALLS CANAL—CONSTRUCTION OF 
HARBOR OF REFUGE ON LAKE HURON—IMPROVEMENT OF THE HAR¬ 
BORS OF AU SABLE AND THUNDER BAY; OF DETROIT RIVER AND 
SAINT CLAIR RIVER AT MOUTH OF BLACK RIVER. 

Officer in charge, Maj. G. Weitzel, Corps of Engineers, with Capt. A. 

X. Lee, Corps of Engineers, under his immediate orders. 

1. Improvement of Saint Mary'8 Falls Canal, Michigan .—During the year 
54,637 cubic feet of cut stone, about oue-fifth of all required for the new 
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locks, have been delivered; 113,373 cubic feet of masonry, abont one-sixth 
of all required, laid iu the walls. The arm between the south pier at the 
foot of the new locks and the shore-line was filled iu to the level of the 
shore, and the banks of the canal near its lower end were raised. 

The officer in charge is of opinion that for an economical and rapid 
prosecution of this work the sum of $300,000 should be appropriated 


for the fiscal year ending June 30, 1877. 

Jnly 1, 1876, amount available. $397,227 93 

Amount appropriated by act approved August 14, 1876. 130,000 00 


527,227 93 

July 1, 1877, amount expended during fiscal year.. 108,213 84 

July 1,1877, amount available. 419.014 09 


Amount (estimated) required for completion of existing project. 570,000 00 

Amount that can be profitably expended in fiscal year eliding June.30,1871). 300,000 00 

(See Appendix C C 1.) 

2. Cinstruotion of Harbor of Refuge , Lake Huron , Michigan .—During 
the past year 9 cribs 65 feet long were placed and tilled in continuation 
of the east or sea arm of the breakwater. Contract was entered into to 
build 3 more of these cribs, and to place the superstructure on these 
three and thirteen others which are already in place. This contract 
will be completed during the present season, and there will be 2,310 
linear feet of the sea-arm iu place. A contract for the removal of the 
wreck of the “City of Buffalo” and several dangerous bowlders has also 
been entered into, and will undoubtedly be completed during the present 
season. 

Wheu these contracts are all executed there will remain only 1,690 
linear feet of the sea-arm of the breakwater to construct in order to 
complete this improvement. If it is decided to close the opening which 
has been left in the shore-arm, it will cost altogether, it is estimated, 
$330,000 to complete this improvement, and it is recommended by the 
officer in charge, for the sake of economy, that this sum be appropriated 


at ouce. 

July 1,1876, amount available. $96,698 74 

Amount appropriated by act approved August 14,1876 . 75,000 00 

171,698 74 

July 1,1877, amount expended during fiscal year. 95,373 94 

July 1,1877, amount available. 76,324 80 


Amount (estimated) required for completion of existing project. 330,00U 0‘ 

Amount that can be protitably expended in fiscal year ending June 30,1879 . 330,000 CO 

(See Appeudix C C 2.) 

3. Improvement of An Sable River Harbor , Michigan. —Ifothiug has 
been done ou this work during the year, and no appropriation is asked 


for. 

July 1,1876, amount, available. $1,426 62 

Amtuut appropriated by act approved August 14, 1876. 1,000 00 


July 1,1877, amount expended during fiscal year 


2,426 62 
313 13 


July 1, 1877, amount available. 2,113 49 

(See Appendix C C 3.) 

4. Improvement of Thunder Bay Harbor , Michigan. —This work, which 
consists in dredging to get 13 feet w ater at the mouth of Thunder Bay 


Digitized by 


Google 

















REPORT OP TUE CHIEF OF ENGINEERS. 


Ill 


River, will be placed under contract and completed during the present 
season. No farther appropriation will be required. 


Amount appropriated by act approved August 14, 1876. $4.500 00 

July 1,1*77, amount available.. 4,500 00 

(See Appendix C C 4.). 


5. Improvement of the Saint Clair River , at the mouth of Black River , 
Michigan. —This work was closed on September 30, 187G, for want of 
funds. In order to complete the improvement it is necessary to dredge 
about 4,000 cubic yards more, and it is recommended by the officer in 
charge that the sum of $1,500 be appropriated for this purpose for the 
fiscal year ending June 30, 1879. 


July 1,1876, amount available. $5,390 5*2 

July 1, 1877, amount expended during fiscal year.. 5,390 52 

Amount (estimated) required for completion of existing project. 1,500 00 

Amount that can be profitably expended in fiscal year ending J one 30, 1*79. 1,500 00 


(See Appendix O C 5.) 


6. Improvement of Detroit River , Michigan. —This work was begnn iu 
the latter part of September, 1870, at the shallowest portion of the Lime- 
Kilns Crossing, directly in front of the Canada Southern Railroad 
dock, and 2,032 cubic yards of rock excavated, when the funds were ex¬ 
hausted. The work which has been done leaves this spot in a more 
dangerous condition than it was before, because it has of course left 
high rock projections iu the edges of the excavation. 

The officer in charge believes that $200,000 additional will give a 
channel 300 feet wide and 20 feet deep across this dangerous shoal, if 
the money is appropriated at oue time, and he recommends that this be 
done. 


July 1,1876, amount available.. 

July 1,1877, amount expemled during fiscal year. 

Auioaot (estimated) required for completion of existing project. 

Amonot that can be profit ably expended in fiscal year ending June 30,1879. 

(See Appendix CC 6.) 


$>1,446 10 
21,446 10 
200,000 00 
200,000 00 


REPAIR AND PRESERVATION OF SAINT CLAIR FLATS CANAL—IMPROVE¬ 
MENT OF SAGINAW RIVER AND CHEBOYGAN HARBOR, MICHIGAN. 

Officer in charge, Maj. Franklin Harwood, Corps of Engineers, since 
February 27, 1877. 

1. Saint Clair Flats Canal .—Minor repairs have been made on the 
canal banks. Early in May J1877, exteusive damage was done to the 
banks by vessels using the canal as a harbor of refuge from ruuning ice. 
This damage, to the extent of $2,000 to $4,000, will be repaired during 
the summer of 1877, and the canal placed in thorough order. 

Measures have been taken, under provisions of section 3, appropria* 
tion bill, approved August 14,1876, to prosecute persons who have dam¬ 
aged the canal banks. 

As the present appropriation will be nearly exhausted in repairing 
these damages, an appropriation of $5,000 is asked for repair ami pres¬ 


ervation of the canal. 

July 1,1876, amount available. $11,208 14 

July 1,1877, amount expended during fiscal year. 5,359 16 

July 1,1877, amount available... 5,848 98 

Amount (estimated) required for preservation of existing work. 5,000 00 

Amuont that can be profitably expended in fiscal year ending June 30,1879. 5,000 00 

(See Appendix D D 1.) 
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2. Improvement of Saginaw River , Michigan. —Work was resumed on 
tbe pile revetment opposite Carrolton Bar May 31, 1877, and at the 
close of tbe fiscal year good progress had been made of work. It is ex¬ 
pected, during the working season of 1877, to add about 500 feet to this 
revetmeut, and improve the channel abreast of the extension by dredg¬ 
ing; also, to build a bulkhead 235 feet long, from the head of the re¬ 
vetment across to Hoy t’s Mill site, to cut off the flow of the river behind 
the revetment, which is retarding the improvement at present. The 


estimates of last year are renewed. 

July 1,1876, amount available. $1,184 13 

Amount appropriated by act approved August 14,1876. 11,000 00 

12,184 13 

July 1, 1877, amount expended during fiscal year. 1,782 12 

July 1, 1877, amount available. 10,402 01 

Amount (estimated) required lor completion of existing project. 50,000 00 


Amount that can be profitably expended in fiscal year eudiug June 30, lc79 . 50,000 00 

(See Appendix D D 2.) 

3. Improvement of Cheboygan Harbor , Michigan. —Nothing has been 
done on this work during the year, the appropriation of $10,000 of 
August 14,1876, haviug been withheld until early in May of the present 
year. It will be expended during the present working season in con¬ 
tinuing the dredging as heretofore projected. An appropriation of 
$20,000 is recommended by the officer in charge to complete the channel 
to a width of 200 feet, with 13 feet depth of water, which 6um can be 
profitably expended in one working season, completing the project for 


the time being. 

July 1, 1876, amount available. $26*2 44 

Amouut appropriated by act approved August 14, 1876. 10,000 00 

10,262 44 

July 1, 1877, amount expended during fiscal year. 341 67 

July 1, 1877, amount available... 9,920 77 

Amount (estimated) required for completion of existing project.... 20,000 00 


Amount that can be profitably expended in fiscal year ending June 30,1879. 20,000 00 

(See Appendix DD 3.) 

HARBORS ON LAKE ERIE WEST OF CLEVELAND. 


Officer in charge, Maj. N. Michler, Corps of Engineers, since Decem¬ 
ber 1, 1876, previous to which time in charge of Lieut. Col. C. E. Blunt, 
Corps of Engineers. 

1. Monroe Harbor , Michigan .—Work was commenced the last of May, 
and consisted in partially renewing the revetment of the sides of the 
ship-canal at Kaisin River; 3,260 feet in all need renewal and some 


slight repairs to piers are necessary. 

July 1,1876, amouut available. $40 54 

Amount appropriated by act approved August 14, 1876... .. 5,000 00 


5,040 54 


July 1,1677, amouut expended during fiscal year. 548 10 

July 1, 1877, amouut available... 4,492 44 


Amount (estimated) required for completion Of existing project. 11,000 00 

Amount that can he profitably expended in fiscal year eudiug Juue 30, 1879. 11,000 00 


(See Appendix E E 1.) 
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2. Toledo Harbor , Ohio. —The work of dredging the channel through 
Maumee Bay was resumed on the 30th of April, in accordance with the 
plan of the board of engineer officers, approved in 1875, and was prin¬ 
cipally confined to the north or outer reach near Turtle Island. Forty- 
four thousand five hundred and forty-one cubic yards have been re¬ 
moved by dredging. The work will be continued in the same manner 
during the present season. The projected dimensions of the chaunel 
are 250 feet in width at top, with a depth of 15 feet. 


July 1,1876, amount available. $4,160 67 

Amooot appropriated by act approved August 14, 1876 . 60,000 00 


64,180 67 

July 1,1877, amount expended during fiscal year. 13,411 32 

July 1,1877, amount available. 50,769 35 


Amount (estimated) required for completion of existing project. 140,000 00 

Amount that can be profitably expended in fiscal year ending June 30,1879. 140,000 00 

(See Appendix E E 2.) 

3. Port Clinton Harbor , Ohio .—Daring the last days of Jane the work 
of constructing a new pier or revetment, the east one, was commenced, 
but only about 800 feet can be completed before the present appropria¬ 
tion becomes exhausted. When additional appropriation is made it is 
proposed to extend the two piers further into the lake, so as to coufine 
the flow of Portage Eiver between them, and also to partially dredge a 
.cut throughout the entire length, as it is expected that the strong cur¬ 
rent will open a channel of suitable dimensions to meet the needs of com¬ 


merce. 

July 1, 1876, amount available. $16 20 

Amount appropriated by act approved August 14, 1W6 . 5,000 00 


5,016 20 

July 1,1877, amount expended duriug fiscal year. 86 27 

July 1,1877, amount available... 4,929 93 


Amount (estimated) required for completion of existing project. 112,000 00 

Amouut i hat can be profitably expeuded in fiscal year euding June 30, 1879. 20,000 00 

(See Appendix E E 3.) 

4. Sandusky City Harbor* Ohio.— The work of dredging the west cbanuel 
of Sandnsky Bay was renewed oh the 3d of May, being confined chiefly 
to the outer reach near Cedar Point, and to widening the sweeps of the % 
several elbows. The quantity of material dredged aud removed was 
26,617 cubic yards. After the completion of operations in the cuts 
between the 12 aud 15 foot curves, it is proposed during the present 
year to extend the channel towards the city front. The dimensions are 


in width 200 feet, and in depth 15 feet. 

Jily 1,1876, amount available. §106 77 

Amount appropriated by act approved August 14, 1876. 25,000 00 


25,106 77 

July 1,1877, amount expended during fiscal year. 3,334 86 

July 1,1877, amouut available. 21,771 91 


Amount (estimated) required for completion of existing project. 105,000 00 

Amount that can be profitably expended iii fiscal year ending J une 30,1879. 55,000 00 

(See Appendix E E 4.) 

5. Huron Harbor , Ohio. —There was no work done during the last fis¬ 
cal year, as there was bat a small balance of the appropriation available. 
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As soon as funds are available some repairs to the piers will require 


attention. 

Jnly 1,1876, amount available. $189 17 

July 1,1877, amount available... 189 17 

Amount (estimated) required for repairs. 1,090 00 

Amount that can be profitably expended in fiscal year ending June 30,1879. 1.000 00 

(See Appendix E E 5.) 


6. Vermillion Harbor , Ohio .—In consequence of the appropriation of 
August 14,1876, not having been made available until toward the close 
of the fiscal year, the work upon this improvement was not renewed. 
As soon as arrangements can be made, it will be forwarded as far toward 
completion as the small amount of funds available will permit. The works 
consist in the blasting and removal of rock, and the dredging of sand 
from the channel of the artificial harbor; also, in slight repairs to piers. 


July 1,1876, amount available. $125 45 

Amount appropriated by act approved August 14, 1876. 5,000 00 


5,125 45 


Jnly 1,1877, amount, expended during fiscal year. 1,011 60 

July 1, 1877, amount available. 4,113 85 

Amount (estimated) required for completion of existing project. 9,000 00 


Amount that can be profitably expeuded in fiscal year ending June 30, 1879 . 9,000 00 

(See Appendix E E 6.) 

7. Black River Harbor , Ohio .—During the fiscal year, by direction of 
my predecessor, very considerable repairs were made to the piers, both 
of which had been damaged during the previous spring by severe gales. 
A cut made by the lake at the shore end of one of them was also closed, 
to prevent the channel from being filled up by sand. The last appro¬ 
priation was nearly exhausted by these necessary expenditures. As 
soon as funds become available additional repairs will receive attention. 


July 1,1876, amount available. $56 41 

Amount appropriated by act approved August 14, 1876 . 6,000 00 

6,056 41 

July 1, 1877, amount expended during fiscal year... 6,003 52 

July 1, 1877, amount available. 52 8J 

(See Appendix EE 7.) 


HARBORS ON LAKE ERIE EAST OF BLACK RIVER. 

Officer in charge, Lieut. Col. C. E. Blunt, Corps of Engineers. 

1. Breakwater at Cleveland , Ohio .—The pile-pier forming the shore end 
was completed during the year. Three cribs, each 50 feet long, have 
alsobeen sunk, and the superstructure upon them partially built. It is 
expected to extend the work 300 feet with the balance of the appropri¬ 
ation still available. Contracts have been made for this extension. 

For further continuance of the breakwater and for incidental repairs 
of the work an appropriation of $200,000 is asked. 


July 1, 1876, amouut available. $33,426 26 

Amount appropriated by act approved August 14, 1876. 50,000 00 

83,426 26 

July 1, 1877, amount expended during fiscal year .. 48.152 98 

July 1, 1877, amount available. 35,273 28 


Amount (estimated) required for completion of existing project.1,700,000 00 

Amount that can be profitably expeuded in fiscal year ending June 30, 

1879, for continuing the breakwater and for incidental repairs of harbor. 200,000 00 


(See Appendix FF 1.) 
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2. Repairs of East Pier at Cleveland* Ohio .—These repairs are in prog¬ 
ress and will be completed in July. This portion of the pier will here¬ 
after be in charge of the Cleveland and Pittsburgh Railroad Company, 
by special agreement made through a commission appointed by the 
President. As the company will be responsible for its future condition 
no additional appropriation is required for this part of the construction. 

The east and west piers proper, still under control of the United 


States, were repaired in 1874- ? 75. 

Amount appropriated by aot approved August 14,1S76.. $8,000 00 

July 1,1877, amount expended during fiscal year. 4,495 75 

July 1,1877, amount available. 3,504 ‘25 

(See Appendix F F 2.) 


3. Fairport Harbor , Ohio .—The amount available duriug the year has 
been expended in partially rebuilding the old west pier, iu building a 
catch-sand fence to prevent the blowing of sand into the chanuel, and 
in removing part of the sand which had blown in. 

For further pier-repairs, removal of entrance-bar and sand remaining 
in the upper channel, an appropriation of $5,000 is required. 

The east pier is 104 feet shorter than the west. It may become neces¬ 
sary to extend it, but no estimate for this is made at present. 


July 1, 1876, amount available.. $2,421 43 

Amount appropriated by aet approved August 14,1676. 5,000 00 

7,421 43 

July 1, 1877, amount expended during fiscal year. 7,415 95 

July 1,1877, amount available. 5 48 

Amount (estimated) required for completion of existing project. 5,000 00 

Amount that can be profitably expended in fiscal year ending J uue 30,1879. 5,000 00 

(See Appendix F F 3.) 


4. Ashtabula Harbor , Ohio .—Damages to the west pier by a gale were 
repaired during the fall of 1876. A sand bar at the entrance, also 
caused by a gale, was removed about the same time. The appropria¬ 
tion of August 14, 1876, which was not available until this spring, will 
be applied this season in building a west pier-head and in removing 
bars. For repairs of the old piers, and for further dredging which will 
be needed next year, the appropriation of $5,000 is required. 


Jnly 1,1876, amount available. $14,623 85 

Amonut appropriated by act approved, August 14, 1876 . 5,000 00 

19,623 85 

July 1,1877, amount expended during fiscal year. 13,039 69 

July 1,1877, amount available. 6,584 16 

Amoont (estimated) required for completion of exnting project. 5,000 00 

Amount that can be profitably expended in fiscal year ending June 30,1879. 5,000 00 

(jftee Appendix FF 4.) 


o. Conneaut Harbor , Ohio .—Some minor repairs of pieis were made 
during the year, and the harbor is now in good condition. 

No appropriation is required. 


July 1,1876, amount available. $68 45 

July 1,1877, amount' expended during fiscal year. 14 95 

July 1,1677, amoont available. 53 50 

(See Appendix F F 5.) 
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6. Erie Harbor , Pennsylvania .*—During the year 1,461 feet of catch- 
sand fence for the protection of the peninsula have been built, making 
the entire length 6,997 feet. Four hundred and fifteen feet of the old 
north pier have been rebuilt and 28,594 cubic yards of sand removed 
from the channel. 

Additional funds will be needed for similar work, and for extending 
the south pier. The total amount of the revised estimate is $119,000. 
Postponing the south pier extension, the sum required for the next fiscal 
year is'$41,000. 


July 1, 1876, amount available... $25,011 06 

Amouut appropriated by act approved August 14, 1876. 40,000 00 

-$65,01106 

July 1,1877, amouut expended during fiscal year. 36,300 96 

July 1, H77, outstanding liabilities. 188 22 

- 36,489 20 


July 1, 1877, amouut available 


28,521 86 


Amount (estimated) required for completion of existing project. 119,000 00 

Amouut that can be profitably expended in fiscal year ending June 30,1879. 41,000 00 

(See Appendix FF 6.) 


7. Dunkirk Harbor , New York .—The blasting and dredging in the 
channel has been completed, exhausting the old appropriation of 1875. 

Damages to the west pier, caused by a gale in December, 1876, were 
repaired immediately after they occurred, with an allotment of $2,500 
from the appropriation of August 14, 1876. 

The balauce ($15,000) of that appropriation will be expended in ex¬ 
tending the breakwater. 

An appropriation of $31,000 is asked to complete the work for the 


present. 

July 1, lo76, amount available. $22,550 74 

Amount appropriated by act approved August 14, 1876. 16,000 00 

40,550 74 

July 1, 1877, amouut expended during fiscal year. 24,846 12 

July 1,1877, amount available. 15,704 62 


Amount, (estimated) required for completion of exisliug project... 31,000 00 

Amount that can be profitably expended in fiscal year ending June 30, 1879. 31,000 00 

(See Appendix F F 7.) 

8 . Buffalo Harbor , New York .—The results of last year’s expenditure 
have been as follows: Extension of the completed breakwater 150 feet, 
(3 cribs.) Repairs of the old work, and of the old channel piers. Refill¬ 
ing the pile-pier with stone to replace that lost by settlement. 

The balance now in the Treasury ($40,000) will be expended in further 
breakwater extension, for which purpose, also, a new appropriation of 
$200,000 is recommended by the officer in charge. 

uly 1, 1876, amount available. $10 04 

Amount appropriated by act approved August 14, 1876 . 85,000 00 

-$85,010 04 

July 1, 1877, amount expended during fisoal year. 44,994 17 

July 1, 1877, outstanding liabilities . 3,493 50 

-48,‘487 67 


July 1, 1877, amount ava lable. 36,522 37 

Amount (estimated) required for completion of existing project.1,815,000 00 


Amount that can be profitably expended iu fiscal year ending June 30,1879. 200,000 (0 

(See Appendix FF 8.) 
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HARBORS ON LAKE ONTARIO AND THE RIVER SAINT LAWRENCE. 


Officer in charge, Maj. Walter McFarland, Corps of Engineers. 

1. Wilson Harbor , Hew York. —The old inner part of the west pier r 
built many years ago by private means, was breached by the sea in the 
fall of the year, and daring the winter the entrance to the harbor was 
entirely closed by the washing in of sand and gravel. 

The appropriation of August 14, 1876, will be applied to the re-open¬ 


ing of this harbor. 

July 1,1876, amount available. $166 64 

Amount appropriated by act approved August 14,1876. 10,000 00 


10,166 64 

July 1,1877, amount expended during fiscal year. 148 19 

July 1,1877, amount available. 10,018 46 


Amount (estimated) required for completion of existing project. 80,000 00 

Amount that can be profitably expended in fiscal year ending June 30,1879. 80, COO 00 

(See Appendix G G 1.) 

2- Alcott Harbor, Hew York. —Nothing has been done at this harbor 
during the year, no funds being available. 


Jnly 1,1876, amount available. $3,484 20 

July 1,1877, amount expended during fiscal year. 3,421 00 

July 1, 1877, amonnt available. . ... 63 20 


Amount (estimated) required for completion of existing project. 10,000 00 

Amount that can be profitably expended in fiscal year ending June 30, 1879. 10,000 00 

(See Appendix G G 2.) 

3. Oak Orchard Harbor , Hew York. —Nothing has been done at this 
harbor during the year, there being no funds available. 

The appropriation of August 14, 1876, will be applied to the repair of 
the two piers. 


July 1,1876, amonnt available. $234 64 

Amonnt appropriated by act approved August 14, 1876. 2,000 00 


2,234 64 

July 1, 1877, amount expended during fiscal year.. 233 12 

July 1, 1877, amount available. 2,001 52 


Amonnt (estimated) required for completion of existing project. 4,000 00 

Amount that can be profitably expended in fiscal year ending June 30, 1879. 4,000 00 

(See Appendix G G 3.) 

4. Charlotte Harbor, Hew York. —Nothing has been done here beyond 
the removal of a few decayed plank, and the replacing of stone which 
had been washed out of the pier. 

The improvement is completed and probably no more money will be 


required except for repairs. 

July 1,1876, amount available. $597 86 

July l, 1877, amount expended during fiscal year.. 575 32 


July 1,1877, amount available. 22 54 


Amonnt that can be profitably expended in fiscal year ending June 30,1879, 
in repairs..*. 1,000 00 

(See Appendix G .G 4.) 


5. Pultneyville Harbor, Hew York .—Nothing has been done here during 
the year, owing to want of funds. 
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The appropriation of August 14,1876, will be applied to repair of the 
west pier and extension, laudward, of the east pier. 

July 1,1876, amount available. $126 56 

Amount appropriated by act approved August 14, 1876. 3,000 00 

3,126 56 

July 1,1877, amount expended during fiscal year. 87 12 

July 1,1877, amount available.-. 3,039 44 

Amount (estimated) required for completion of existing project.. 18,000 00 

Amount that can ba profitably expended in fiscal year endiug June 30,1879. 18,000 00 

(See Appendix G G 5.) 


6. Great Sodas Harbor , New York .—Nothing has been doue here ex¬ 
cepting a few repairs to the sand-fence and piers. 

The appropriation of August 14, 1876, will be applied to the construc¬ 
tion of a new sand-fence and further repairs of piers. 


July 1, 1876, amount available. $2,221 12 

Amount appropriated by act approved August 14, 1876. 5,000 00 


7,221 12 

July 1, 1877, amount expended during fiscal year.'. 749 03 


July 1,1877, amount available. 

Amount (estimated) required for completion of existing project. 

Amount that can be profitably expended in fiscal year ending J une 30,1879. 

(See Appendix G G 6.) 


6,472 09 


10,000 00 
10,000 00 


7. Little Sodus Harbor , New York .—Nothing has been done here, ex¬ 
cept repairing a breach 70 feet long in the west beach, made by the sea. 

The appropriation of August 14, 1876, will be applied to the repair of 
the west pier, and the extension, landward, of the inner end of the east 


pier. 

July 1,1876, amount available. $1,289 96 

Amount appropriated by act approved August 14,1876 . 5,000 00 

6,289 96 

July 1, 1877, amount expended during fiscal year. 433 39 

July 1, 1877, amount available. 5,856 57 

Amount (estimated) required for completion of existing project. 12,000 00 

Amount that can be profitably expended in fiscal year ending J une 30,1879. 12,000 00 

(See Appendix G G 7.) 


8. Oswego Harbor, New York .—Two hundred aud ten feet of the snper- 
structure of the new breakwater have been built, aud a counterfort has 
been placed in rear of the exposed end. 

Very extensive repairs have been made to this structure, where it had 
settled and was damaged by the action of the sea, as well as to the old 
breakwater, which had also been badly damaged by storms. 

The new breakwater is now 3,692 feet long, and is yet to be extended 
about 2,000 feet, according to the original project. 

The balance of the last appropriation will be applied to the extension 
of the new breakwater, whose length will probably be increased this 
year between 400 aud 500 feet. 
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July 1,1376, amount available. $9,058 49 

Amount appropriated by act approved Angnst 14, 1876. 90,000 00 

99,058 49 

Jaly 1,1877, amount expended during fiscal year. 40,588 48 

July 1,1877, amount available.-. 58,470 01 

Amount (estimated) required for completion of existing proj»M5t. 557,000 00 

Amount that can be profitably expeuded iu fiscal year euding J une 30,1879. 300,000 00 

(See Appendix G G 8.) 


9. Ogdensburgh Harbor , New York.— Nothing lias been done here this 
year, owing to want of funds. 

The original scheme of improvement provided for the dredging of 
certain parts of the channel and harbor, and for the construction of pile- 
piering to prevent the waters of the Oswegatchie from wasting their 
force by spreading over the shoal which lies in front of the city. 

The dredging has been essentially completed, and there appears to be 
no preseut necessity for constructing the proposed pile-pieriug, the esti¬ 


mated cost of which is about $70,000. 

July 1, 1876, amount available. $59 10 

July i, lc77, amount expended during fiscal year. 44 0*2 

July 1,1877, amount available. 15 08 

Amount (estimated) required for completion of existing project. 70,000 00 

(See Appendix G G 9.) 


10. Waddington Harbor , New York. —This improvement has been fin¬ 
ished in accordance with the original scheme, and nothing more is 
needed for it. No work has been done upon it (luring the past year. 


July 1,1876, amount available. $42 72 

July 1,1877, amount expended during fiscal year. 42 72 

(See Appendix GG 10.) 


PACIFIC COAST. 


IMPROVEMENT OF OAKLAND HARBOR—CONSTRUCTION OF BREAKWA¬ 
TER AT WILMINGTON—REMOVAL OF RINCON ROCK, SAN FRANCISCO 

HARBOR, AND IMPROVEMENT OF SACRAMENTO AND FEATHER 

RIVERS. 

Officer in charge, Maj. G. H. Mendell, Corps of Engineers. 

1. Improvement of Oakland Harbor , California. —The south jetty was 
extended 400 feet during the year, requiring 2,335 tons of stone. 

A channel 200 feet wide, 10 feet deep at low water, and 6,300 feet long, 
was dredged during the year, except that for 900 feet the width is only 
100 feet. The remainder of the dredging at present contemplated is 
under contract at 35 cents per yard. The contract went in force on 
June 1, aud will probably be completed in July. 

Previous to June 1, and subsequent to September 12,1876, the dredg¬ 
ing was executed under a temporary arrangement, at a stipulated price 
of 24 cents a yard. From July 1 to September 12 the dredging was 
doue under a contract at the same price. Owing to want of progress 
the work was taken out of the contractor’s hands. Since June 1 the 
price has been 35 cents per yard. 

A contract for 20,000 tons of stone was made in May at $1.19 per 
ton. Daring June 2,335 tons of stone were delivered. 

These operations will require all the money available at present. 
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The completion of tbe traiuing-walls, and measures looking to an in¬ 
crease of the tidal prism, will have attention when further appropria¬ 


tions become available. 

July 1,1876, amount available..*. $17,157 50 

Amount appropriated by act approved August 14,1876.... 75,000 00 

-- 8132,157 50 

July 1, 1877, amount expended during fiscal year. 59j 192 26 

July 1, 1877, outstanding liabilities. 1,002 56 

-* 60,254 82 


July 1,1877, amount available. 61,902 68 

Amount (estimated) required for completion of existing project.. 1,539,329 20 

Amonnt that can be profitably expended in fiscal year ending June 30,1879 . 200,000 00 

(See Appendix H H 1.) 

2. Improvement of Wilmington Harbor , California .—The channel has 
steadily improved both in width and depth daring the year, without the 
aid of dredging. There is now a good channel carrying 8 feet at mean 
low-water. When the improvement was commenced there was no chan¬ 
nel, but an irregular bottom with 1 foot and up to 2 feet of water at 
mean low tide. 

The contractor removed from t’ie reef daring the year 4,601 yards of 
stone and 4,561 yards of clay, lie also dredged 2,273 yards of sand, 
partly from the reef. 

The stone and clay taken from tbe reef were used to extend the west 
training-wall for a distance of 800 feet. 

Three thousand two hundred and forty-nine tons of stone were pur¬ 
chased and applied to the training-wall; to a portion of the main jetty; 
to brash-work, and to the construction of a groin on the seaward side 
of the main work. 

About 6,400 yards of sand were collected on the main line by aid of 
brnsh. 

Operations on the harbor were suspended in February on account of 
the exhaustion of the appropriation. A keeper is in charge of the 
property. 

The cut in the reef is now 150 feet in width. It ought to be made 
200 feet. Its depth is now 12 feet at mean low-water, which is 10 feet 
at lowest tide. It could be profitably deepened 2 feet. The completion 
of the west training-wall and raising of the stone line on the main jetty 
are also points that will receive attention when additional appropriation 
is made. 

It is the custom for all coasting sad-vessels to enter the harbor; 29 
vessels entered in November, 1876; 2 of these drew 14 feet, and 20 drew 

lO j*_A 7 


13 feet. 

July 1,1876, amonnt available. $40,268 15 

July 1, t , amouui expended during fiscal year... . 19 ,324 73 

July 1, 1^77, amonnt available. 943 42 

Amonnt ^estimated! required for completion of existing project. 100,000 00 


Amonnt that can be profitably expended in fiscal vear ending June 30, lt79. 50,000 00 

(See Appendix H H 2.) 


3. Kern oral of Rincon Rocl\ San Francisco Harbor , California .—Tbe 
work was accepted in an unfinished state, in accordance with the wishes 
of the State harbor commissioners, within whose jurisdiction the rock 
lay. 

A survey made in the latter part of Jnly showed that 4,357 yards 
had beeu removed. Tbe contents of the rock required to^be removed by 
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the contract was 4*745 cubic yards* The coutractor was paid $39,483.88 
for his work. 

The least depth of water on the rock is 21} feet at mean low* water. 


Joly 1,1876, amount available.. $24,380 27 

July 1,1877, acuonut expended during fiscal jenr.. 20,157 75 

July 1,1877, amount available... 4,222 52 

(See Appeudix H 11 3.) 


4 . Improvement of Sacramento and Feather Rivers, California. —No op¬ 
erations for the improvement of these rivers were carried ou in the past 
year, as no appropriation has been made since 1875* 

Au examination of Georgians Slough was made in June, 1877, by 
Lieut. A. H. Payson, Oorp of Engineers. 

Each winter throws a considerable number of snags into the river, 
which, with a few bars here and there, form serious obstructions to the 


navigation of these waters. 

.Inly 1,1876, amount available. $259 88 

July 1,1877, amount expended during fiscal year. 16 63 


July 1,1877, amount available. 243 25 


Amount that can be profitably expended in fiscal year ending June 30,1879 . 20,000 00 

(See Appendix H H 4.) 

IMPROVEMENT OF THE HARBOR OF SAN DIEGO—IMPROVEMENT OF SAN 
JOAQUIN RIVER, CALIFORNIA. 

Officer in charge, Lieut* Col. C. S. Stewart, Corps of Engineers, with 
the late Lieut. J. H. Weeden, Corps of Engineers, under his immediate 
orders to January 29, 1877. 

1 . San Diego Harbor , California .—The San Diego River formerly emp¬ 
tied into False Bay. Mauy years since, during a* freshet, its course waa 
changed, and its waters, pouring into the harbor, deposited into it more 
or less sand, to its great injury. To prevent further damage, it was de¬ 
termined to turn the river back into its former channel. This has been 
accomplished by the excavation of an artificial channel and the embank¬ 
ment of a levee, faced with stone, which were completed by the contract¬ 
ors in November last. 

The whole length of the levee and artificial channel, as completed, is 
reported to be 7,734.6 feet 5 whole amount of earth excavated and used 
for embankment, 91,628.5 cubic yards, aud of stoue in place, 13,454.6 


cubic yards. 

The coat of the works, finished, has been.$79,79S 72 

The amount appropriated therefor... 80,000 00 


During the past winter there have been no floods in the river to test 
the works. Their valne and what may be the cost of yearly repairs can 
only be ascertained by fntnre experience. 

The benefit to commerce and navigation from this work will be the 
preservation of the only good land locked harbor on the Pacific coast 
south of San Francisco so long as the San Diego River shall be kept 


from emptying into it. 

July 1 , 1876, amount available.$74.182 49 

July 1,1877, amount expended daring fiscal year. 73,981 21 

July 1,1877, amount available. 201 28 

(See Appendix II1.) 
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2 . Improvement of San Joaquin River , California .—The appropriation 
of $20,000 for this improvement, iu the river and harbor act of Augast 
14, 1876, was made available in March last. 

It is proposed to survey that portion of the river below Stockton, 
where navigation is most impeded, so soon as the low stage of water is 
attaiued, aud, if necessary, to contract in the usual manner for the re¬ 
moval of the shoals by dredging. 


Amount appropriated by act approved August 14,1876.$20,000 00 

July 1,1677, amount expended during fiscal year. 680 

July 1, 1877, amount available... 19,993 20 


(See Appendix II 2.) 


IMPROVEMENT OF RIVERS IN OREGON AND IN WASHINGTON TERRI¬ 
TORY. 

Officer in charge, Maj. John M. Wilson, Corps of Engineers. 

1. Improvement of Lower Willamette and Columbia Rivers , Oregon .— 
Operations during the fiscal year have consisted of dredging at the 
mouth of the Willamette at Post-Office Bar, and Swan Island Bar, Will¬ 
amette Kiver; 21,285 cubic yards of mud, sand, gravel, &c., having 
been removed. 

Extensive surveys were made of the Willamette River from Portland 
to its mouth, the Willamette Slough, Saint Helen’s and Snag Island 
Bars. 

During the preseut season it is proposed to continue dredging the 
chanuel over the bars in the Willamette River, and to make surveys at 
Swan Island Bar, Willamette River, and Saint Helen’s Bar, Columbia 
River. 

Apian for the permanent improvemeut of these rivers has been sub¬ 
mitted by the Board of Engineers for the Pacific Coast, and approved. 

July 1,1876, amount available. $9,093 24 

Amount appropriated by act approved August 14, 1876. 20,000 00 

-$29,093 24 

July 1, 1877, amount expended during fiscal year. 10,508 70 


July 1, 1877, amount available. 18,584 54 


Amount (estimated) reqnired for completion of existing project. 298,974 00 

Amount that cau be profitably expended in fiscal year eudiug June 30,1879. 150,000 00 

(See Appendix J J 1.) 

2 . Improvement of Upper Willamette River , Oregon .—Operations dur¬ 
ing the fiscal year have consisted of the removal of snags, stumps, rocks* 
&c., and the construction of wing-dams. Four thousand seven hundred 
aud thirty-two feet of wing-dams have been built, 71J cubic yards of 
rock excavated, and 901 snags, stumps, &c., removed. A new snag-boat 
has been bnilt. 

During the present season it is proposed to construct^abont 4,000 feet 
of wing-dams at points where they are most necessary, and to continue 
the removal of snags from the channel. The engineer in charge recom¬ 
mends the construction of two steam snag-boats, with scrapers and pile- 
drivers attached, for keeping the river open during low-water season. 
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July 1,1876, Amount, available.$8,038 25 

Amonut appropriated by act approved August 14, 1876 . 20,000 00 

-$28,038 25 

July 1, >877, amount expended during fiacal year.. 13,796 47 

July 1,1877, outstanding liabilities. 2,157 45 

■ - 15,953 92 


July 1,1877, amonut available. 12,084 33 


Amount (estimated ) required for completion of existing project. 80,000 00 

Amount that can be profitably expended iu fiscal year eudiug Juue 30,1879.. 50,000 00 

(See Appendix J J 2.) 


3. Improvement of the Upper Columbia and Snake Rivers , Oregon , and 
Washington Territory .—Operations daring the fiscal year were carried on 
from November, 1876, uutii March, 1877, removing rock from the chan¬ 
nel at Squally Hook, Owyhee, and Umatilla Rapids, in the Columbia 
River, and Pine Tree Rapid, in the Suake; 745.14 cubic yards of rock 
in all were removed, and the channel greatly improved, particularly at 
Pine Tree Rapid, from which 477.51 cubic yards of rock were takeu. 

During the coming winter it is proposed to continue the work by 
removing 150 yards of rock from Umatilla Rapid, Columbia River. 

July 1,1876, amount available.$16,007 10 

Amount appropriated by act approved August 14, 1876. 15,000 00 

-$31,00700 

July 1,1877, amount expended during fiscal year. 25,257 01 

July 1,1877. outstanding liabilities. 155 00 

- 25,412 01 

July 1, 1877, amonut available. 5,595 09 

Amount (estimated) required for completion of existing project. 132,000 00 

Amount that can be profitably expended iu fiscal year eudiug Juue 30,1879.. 66,000 00 

(See Appendix J J 3.) 

4. Construction of canal around the Cascades of Columbia River , 
Oregon. —A survey has been made during the fiscal year of the country 
on the Oregon side of the river, bordering on the Cascades; a careful 
reconnaissance on the Washington Territory side, aud a hydrographic 
survey of the river above and below the falls. 

The engineer in charge has submitted plans and estimates for a canal, 
which have been referred to the Board of Engineers for the Pacific Coast 


for examination. 

Amount appropriated by act approved August 14, 1876. $90,000 00 

July 1, 1877, amount expended during fiscal year. 4,616 65 

July 1, 1877, amount available. 85,383 35 

Amount (estimated) required for completion of existing project. 1,459,136 40 

Amount that can be profitably expended in fiscal year ending Juue 30,1879 . 500,000 00 

(See Appendix J J 4.) 


EXAMINATIONS WITH A VIEW TO ESTABLISHING A HARBOR OF REFUGE 
ON THE PACIFIC COAST. 

To comply with a resolution of the House of Representatives of April 
27,1876, asking for an examination of the harbors of Mendocino, Hum¬ 
boldt Bay, Trinidad, and Cresceut City, in the State of California, with 
a view to establishing a breakwater and harbor of refuge, with estimate 
of probable cost, the Board of Engineers of the Pacific Coast was 
instructed to consider the general subject and report its views as to the 
necessity for a harbor of refuge on the Pacific coast betweeu San Frau- 
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cisco and Puget’s Sound, and in case such necessity should, in ite opinioo, 
exist, to designate the point which should, in its judgment, be selected, 
together with au estimate of cost of construction. For the report of 
the board see Appendix J J 5. 

IMPROVEMENT AND CARE OF PUBLIC BUILDINGS AND GROUNDS IN TRE 
DISTRICIT OF COLUMBIA—WASHINGTON AQUEDUCT. 

Officers in charge, Col. O. E. Babcock, Corps of Engineers, until March 
3, 1877, since which time Lieut. Col. Thos. Liucohi Casey, Corps of 
Engineers. 

1. Improvement and care of Public Buildings and Grounds in the JHstrict 
of Columbia .—The condition of the public reservations in the city of 
Washington, and the character of the improvements made on them 
during the fiscal year, will be found stated in the detailed reports of the 
officers in charge. 

The estimates of the officer now in charge for the fiscal year ending 
June 30, 1879, are as follows: 

For improvement and care of public buildings and grounds —... $216,700 

For compensation to persons employed on and around public buildings and 

grounds.. 

For contingent and incidental expenses. i, wu 

278,124 

(See Appendixes K K 1 aud K K 2.) 

2. Washington Aqueduct —During the year a wrouglit-iron truss-roof 
and galvauized-irou cornice have been erected upon tho gate-house at 
Great Falls. 

A number of the conduit-embankments have been strengthened by 
widening. The roadway over the conduit, the culverts and bridges, 
the reservoirs and gate-houses, and the pipe-lines have been kept iu 
repair. 

In Georgetown, a coucrete floor has been laid iu the high-service res¬ 
ervoir, and a brick story has been built under the aqueduct office. 

The estimates of the officer in charge for the fiscal year ending June 
30, 1879, are as follows: 

For engineering, maintenance, repairs, and construction. $116,000 

(See Appendices K K1 and K K 3.) 

In January last, Brig. Gen. M. O. Meigs called the attention of this 
office to a communication made by him to the chairman of the Commit¬ 
tee on the District of Columbia of the Senate of the United States rel¬ 
ative to the construction of the iron bridge at Rock Creek by which the 
aqueduct mains enter the city of Washington, ilis communication was 
submitted to a board of engineer officers, whose report upon the same, 
together with the reports of the officers then and now in charge of the 
Washington Aqueduct, constitute Appendix K K 4 of this report. 

The officer in charge of the aqueduct says: 

In view of the restrictions authorized by Congress to be placed upon the travel over 
this bridge, I am of opinion that, if they are continued in force, the interests of the 
United States do not at present demand any iucrease of the width of the roadway and 
of the footway of the bridge; but I am further of opinion that the present and pros¬ 
pective interests of the citizens of .Washington and Georgetown do demand an increase 
m the width of the roadway and of the footway, the present width beiug, of the road¬ 
way, only 17 feet, and of the footways, 4^ feet each. 

He estimates the cost of the widening at 875,000. 


Digitized by LjOOQle 







BEPORT OF THE CHIEF OF ENGINEERS. 


125 


SURVEYS AND EXAMINATIONS WITH A VIEW TO THE 
IMPROVEMENT OF RIVERS AND HARBORS. 

For examinations and surveys of rivers and harbors, for which there 
is no special appropriation, an appropriation of $ L50,000 should be made 

SURVEY OF NORTHERN AND NORTHWESTERN LAKES AND 
THE MISSISSIPPI RIVER. 


Officer in charge, Maj. C. B. Comstock, Corps of Engineers, who had 
under his immediate orders the following officers of the Corps of En¬ 
gineers : Capt. H. M. Adams, First Lieuts. D. W. Lockwood, C. F. Pow¬ 
ell, and P. M. Price, and Second Lieut. T. N. Bailey; and the following 
principal assistant engineers: L. L. Wheeler, F. W. Lehuartz, O. B. 
Wheeler, F. M. Towar, A. C. Lamson, Frederick Terry, George Y. Wie¬ 
ner, A. R. Flint, R. S. Woodward, J. H. Barling, E. S. Wheeler, and G. 
A. Marr. 

Major'Com stock was temporarily relieved on the 24th of May, 1877, 
and until the end of the fiscal year the work was in charge of Capt. H. 
M. Adams, Corps of Engineers. 

Progress of the work during the year.—On Lake Erie, the triangulation 
has been carried from Westfield, N. Y., to near Painesville, Ohio. The 
topography and hydrography have been carried from Ashtabula, Ohio, 
to Vermillion, Ohio. 

The latitudes and longitudes of Mount Forest and Cairo, Ill., of Sagi¬ 
naw and Saint Louis, Mich., have been determined, and in conjunction 
with Capt. W. S. Stanton, United States Engineers, and Lieut. W. Hoff¬ 
man, Eleventh Infantry, the longitudes of Fort Fetterman, Wyo. Ter., 
and Forts Stockton, Concho, and MoKavett, Tex., have been determined. 

A line of precise levels has been run between Esoanaba and Mar¬ 
quette, Mich., to determine the difference of levels of Lakes Michigan 
and Superior. 

Coast Charts Nos. 1, 2, 3, and 5, of Lake Michigan ; No. 6, of Saint 
Lawrence River, and a chart of Detroit River, have been eompleted and 
photolithographed. 

The survey of the Mississippi River has been carried from five miles 
aboreCairo, Ill., to a point eight miles above Columbus, l£y. The small 
amount of money available lor this survey permitted but little to be 
done. 

Amount available for fiscal year 1877-78. $110,000 

Amount required for survey of northern and northwestern lakes and Missis¬ 
sippi River for fiscal year ending Jane 30,1879, namely, for oontinning sur¬ 
veys of Lake Erie; for determination of points in aid of State surveys and 
construction of maps; for continuation of trian^nlation south from Chicago 
and east to Lake Erie; for survey of Mississippi River, aud miscellaneous.. 218, 500 

(See Appendix L L.) 


MILITARY, GEOGRAPHICAL, AND LAKE-SURVEY MAPS. 

Three sheets exhibiting the positions of the troops of the opposing 
armies on the 1st, 2d, and 3d of July, 1863, at Gettysburg, have been 
completed, aud an edition has been printed. 

In the off.ee of the Chief of Engineers . 


Of the Atlanta campaigu maps, the drawing of sheet 2 has been com¬ 
pleted, aud sheet 5 is nearly ready for photolithographiug. 
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The map of the siege of Atlanta, on a scale of two inches to the mile, 
has been photolithographed, and an edition has been printed. 

The following maps, illustrating the operations of the late war, have 
been photolithographed and printed: 

Map of the battle-field of Bull Run. 

Map of the battle field of Perryville, Ky. 

Map of the battle-field of Logan’s Cross-Roads. 

Map of the battle-field of Williamsburg, Va. 

Map showing the operations of General G. W. Morgan at Cumberland 
Gap, 1862. 

The military map of the United States has been revised. An edition 
has been printed and is now being distributed to the various military 
posts. 

Considerable progress has been made in the compilation and drawing 
of the map of the territory of the United States west of the Mississippi 
River. This map is on a scale of 1:500,000. 

A map of the Yellowstone and Missouri Rivers and their tributaries, 
with corrections and additions made under the direction of Maj. G. L. 
Gillespie, at Headquarters Division of the Missouri, has been engraved, 
printed, and distributed to the troops in the field. 

Sheet No. 2 of a map of the Western Territories, by Major Gillespie, 
has also been printed and distributed to the troops. 

A general map of the seat of war in the East has been compiled, and 
an edition printed by means of photolithography, and distributed to the 
Army. 

Seven sheets of a map of Turkey in Europe, published by the imperial 
department of war, Austria, have also been reproduced by photo¬ 
lithography, and a small edition printed. 

Lake-survey chart No. 4 of the Saint Lawrence River has been en¬ 
graved on copper, and charts 5 and 6 have been photolithographed, and 
an edition printed as a preliminary in advance of the engraved edition. 
These two charts are now in the hands of the engraver. 

Lake-survey chart of harbor of refuge at Sand Beach, Lake Huron, 
has been engraved on copper and an edition printed. 

Lake-survey chart of the south eud of Lake Michigan has also been 
engraved on copper and an edition printed. 

Lake Michigan coast-charts Nos. 1 and 2 have been photolithographed, 
and a preliminary edition printed in advauce of the engraved edition. 
These charts are now in the hands of the engraver. Charts 3 and 
5 have been photolithographed, and an advanced edition published. 
These two charts have also been engraved on copper. 

Charts 6 apd 7 have been photolithographed and an edition published. 
Chart 4 is now in the hands of the photolithographer. 

Lake-survey chart of Detroit River has been photolithographed, and 
a preliminary edition published. The chart is now in the hands of the 
engraver. 

Lake Ontario coast-chart No. 1 is now in the hands of the photo- 
lithographer, in order that a preliminary editiou may be printed, after 
which the chart will be engraved. 

Lake-survey chart of Lake Saint Clair has been engraved on copper 
and an edition printed. 
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GEOLOGICAL EXPLORATION OF THE FORTIETH PAR¬ 
ALLEL. 

Mr. Clarence King, United States Civil Engineer, in charge. 

Daring the year the operations of this survey have been entirely con¬ 
fined to office-work, consisting of the superintendence of the publication 
of the atlas and text. 

There have been completed during the year Yol. VI, Microscopical Pe¬ 
trography; Vol. IV, Paleontology and Ornithology; and Vol. II, Descriptive 
Geology. The Geological and Topographical Atlas has also been finished, 
consisting of the following sheets: Paper cover, title-page, legend-sheet, 
sketch map of the Western Cordilleras, five geological maps in two sheets 
each, five topographical maps in two sheets each, and fonr sheets of 
general geological sections. 

To complete the report there will be produced Vol. I, Systematic Geol¬ 
ogy , and Vol. VII, Vertebrate Paleontology. The latter volume, together 
with its illustrations, is now in active preparation at the hands of Pro¬ 
fessor Marsh, of the Yale Museum. Vol. I, Mr. King’s own contribution 
to the report, is completed, requiring only revision and printing. The 
illustrations to Vol. I are all done. 

It is hoped that the publication of the series of reports will be com¬ 
pleted early in the ensuing year. 

(Bee Appendix M M.) 

GEOGRAPHICAL SURVEY8 OF THE TERRITORY WEST OF 
THE ONE HUNDREDTH MERIDIAN. 

Officer in charge, Eirst Lieut. George M. Wheeler, Corps of Eugineers, 
having under his orders First Lieuts. Eric Bergland and Samuel E.Tillmau 
and Second Lieut. Thomas W. Symons, Corps of Engineers; First Lieut 
Rogers Birnie, jr.. Thirteenth Iufantry; First Lieut. Charles C. Morri¬ 
son, Sixth Cavalry; and Second Lieut. M. M. Macomb, Fourth Artillery. 

The following gentlemen have been engaged in special scientific inves¬ 
tigations during the year: Dr. F. Kampf, astronomical and triangulation 
observer and computer; A. R. Conkling, geologist; H. W. Heushaw, 
ornithologist; Dr. J. T. Rothrock, botanist; and Prof. F. W. Putnam, 
ethnologist. 

Owing to the lateness of the appropriation act, the expedition of 1876 
was only enabled to take the field in August, and was disbauded at Fort 
Lyon, Colo., and Carson City, Nev., during the latter part of November. 
The expedition of 1877, in three sections, took the field at Fort Lyon, 
Colo., Ogden, Utah, and Carson City, Nev., during the month of May. 
The number of small parties organized prosecuted their labors in parts 
of California, Oregon, Nevada, Utah, Idaho, Montana, Wyoming, Colo¬ 
rado, and New Mexico, and with the prospect of a long field-season only 
to be closed by the inclemency of the incoming winter at the high alti¬ 
tudes visited. 

The areas surveyed by the expedition of 187G lie in California, Ne¬ 
vada, Colorado, and New Mexico, and come within the limits of atlas 
sheets 47, 48, 56, 61, 62, 70, 77, and 78. (See progress map.) 

The basins of drainage entered comprise portions of the “ great in¬ 
terior basin,” the Arkansas, Rio Grande, Gunnison, and several of the 
streams along the western slopes of the Sierra Nevada. 

The astronomical stations at which latitude-determinations were made 
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were those necessary to the checking of the measured lines of survey 
through the mountain defiles. 

Two bases were measured; 194 triangulation, 765 three-point, and 
5,115 minor stations were occupied; 4,379 miles of survey were run; 
163 monuments were built; 4,553 sets of altitude-observations were 
made; 15 mining camps were visited. 

Of the quarto volumes authorized by Congress to be published, the 
one numbered IV has appeared during the year, and Vol. Ii is passing 
through the press. 

The tables of declinations of 2,018 latitude stars, prepared by Prof. 
T. H. 8afiord, are in the hands of the printer. 

With slight exceptions the MSS. for Vols. I, VI, .and VII of the 
series are ready to he placed in the hands of the printer; and the illus¬ 
trations have all been prepared, and are now being engraved aud 
printed. 

Seven topographical sheets have been added to the atlas, and a num¬ 
ber of others are being completed and in various stages of progress. 

The edition of colored maps published with the extra copies of the 
report exhibit the natural resources of the country', aud are of value in 
connection with the settlement of the western region. In the areas 
given, the laud braucli of the Government may be able toaee at a glance 
the adaptability of the surface for agriculture or grazing, and the area 
of timber, position of mines, &c. The special surveys of the Lake 
Tahoe region, aud about the Comstock mines, the maps from both of 
which are to be shown on scales larger than those usually employed, 
will illustrate some of the best topographical efforts of the survey, aud 
prove useful to the mining and lumber interests of that section. 

The topographical maps which are the main results of the labors of 
the officers and assistants, and regularly issued as material is collected, 
are at once available to the War Department .for its purposes, and reach 
the public in the regular course of publication, aud through map pub¬ 
lishers at home and abroad. 

The continuation of this useful work in its present satisfactory stage 
of organization will, it is hoped, commend itself to the favorable con¬ 
sideration of Congress. 

The simonnts estimated by Lieutenant Wheeler for the continuation 
of the survey are recommended, viz: 

For continuing the geographical survey of the territory of the United 
States west of the oue hundredth meridian, the supply branches of the 
War Department assisting as heretofore, being for field and office work, 
and for the preparation, engraving, and printing of the maps, charts, 
plates, cuts, photographic plate, aud other illustrations for reports; for 
temporary office-room at points remote from Washington, D. C., and the 
purchase at nominal rates of sites for field observations, for the fiscal 
year ending Jnne 30, 1877.$120,000 00 

(His annual report, with appendixes and estimates, is appended.) 

(See Appendix N N.) 

RECONNAISSANCES AND EXPLORATIONS. 

The engineer officers on the staffs of the generals commanding the 
military divisions aud departments have been engaged during the year 
in survey s in the field and in collecting and plotting .. geographical and 
other information obtained from the notebooks, sketches, and maps 
made by the officers and soldiers in the.-scouts and campaigns in the 
West. The estimate of $50,000 made by this department for the surveys 
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by these officers failed at the last session of Congress, and the only fands 
available for their use daring the year was a part of a balance of $18,000 
from a former appropriation for surveys for sea-coast defenses, which 
was also made applicable at the last session of Congress for reconnais¬ 
sances and explorations by the engineer officers on the staffs of the west¬ 
ern divisions and departments. The amount was quite inadeefhate for 
the work which was desired to be accomplished in the seven military 
departments embracing the country west of the Mississippi River, in 
each one of which there is an engineer or an acting engineer officer. 
This work includes surveys in the field by the department engineers, 
the purchase and repair of instruments, and the expenses attending the 
draughting and*printing of maps required for distribution to the Army. 

The maps of the country covered by the recent campaigns against 
hostile Indians have proved in the highest degree useful to the officers 
engaged, and it is especially desirable that the great unexplored areas 
in the hostile country and areas which in future campaigns are liable to 
be traversed by the troops or by the enemy should be surveyed and 
plotted and added to these campaign maps. The enlistment of topo¬ 
graphical assistants to the engineer officers attached to the headquarters 
of each of the western military geographical divisions and departments 
which was authorized by the Secretary of War in July last will very 
much facilitate the surveys of those officers, and it is hoped, if the appro¬ 
priation asked for for these surveys is granted by Congress, that much 
more can be accomplished than has been heretofore by the same amount 
of expenditure. 

An estimate for the amount required to be appropriated for this pur¬ 
pose has been included in the estimates of this Department. 

The officers who have been engaged on these surveys during the last 
fiscal year are as follows: 

M^j. O. M. Poe, aid-de-camp (with the rank of colonel) to the Gen¬ 
eral of the Army; Maj. G. L. Gillespie, at headquarters Division of the 
Missouri until May 5,1877, and Capt. G. J. Lydecker since that date; 
Lieut Edward Maguire, at headquarters Department of Dakota; Capt. 
W. S. Stanton, at headquarters Department of the Platte; Lieut. E. H, 
Ruffner, at headquarters Department of the Missouri; Capt. James F. 
Gregory, at headquarters Department of Texas; Lieut. J. C. Mallery, 
at headquarters Division of the Pacific aud Department of California; 
and Lieut. E. D. Thomas, Fifth Cavalry, Department of Arizona. 

Maj. George L. Gillespie, on duty with the Lieutenant-General com¬ 
manding the Division of the Missouri, until May 5, 1877, when he was 
relieved by Capt. Garrett J. Lydecker. 

Captain Lydecker reports that for want of funds operations have been 
limited to current office-work, such as could be done by enlisted men de¬ 
tailed for the purpose; duplicate tracings of maps, sketches, &c., passing 
through the office, have been made, and corrections have been applied 
to existing maps, as opportunity offered. 

Work on the new maps of the western territories was necessarily sus¬ 
pended and cannot be resumed until a sufficient allotment of money is 
made applicable thereto. These maps are greatly needed and should 
be pushed to completion with the least possible delay. For this pur¬ 
pose and for conducting the work of this office in an efficient manner, 
the following amounts are required: 


For the fiscal year ending Jane 30,1878.*.. §3,000 00 

For the fiscal year ending J one 30, 1879 . 6,000 00 


(See Appendix O O.) 
9e 
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Lieut. Edward Maguire, serving on the staff of the general command¬ 
ing the Department of Dakota, reports his topographical work in the 
field and office during the year. He also gives a detailed statement of 
his operations in the expedition against the hostile Sioux in the summer 
of 1876. 

(See Appendix PP.) 

Capt. W. S. Stanton, on duty with the general commanding the De¬ 
partment of the Platte, reports that during the year the field-work has 
comprised between 500 and 600 miles of reconnaissance, four small sur¬ 
veys, embracing 11§ square miles, and the determination of the geo¬ 
graphical position of Fort Fetterman. 

In the office the field notes and astronomical observations taken on 
900 miles of reconnaissance have been reduced and computed, and the 
map partially plotted; 60 plots and tracings of topographical drawings 
have been made, 1,660 maps and 191 printed reports have been distributed, 
and a considerable mass of information collected from various sources 
regarding the military reservations in the department. 

(See Appendix QQ.) 

Lieut. E. H. Ruffner has been on duty as the engineer officer on the 
staff of the general commanding the Department of the Missouri. The 
work of recording, preparing and making use of the reports of the va¬ 
rious journals of march made during the year on the department maps 
is continued. The notes thus recorded amount to 4,909 miles. The 
notes collected on a survey of the headwaters of the Red River of Texas 
have been worked upon and a partial report is furnished. 

Military reservations at Fort Stanton, New Mexico; Fort Elliot,Texas, 
and Fort Reno, Ind. Ty., have beeu declared, surveyed, aud recom¬ 
mended, respectively, and the plats form part of the records of the office. 

Lieut. C. A. H. McCauley, Third Artilery, is engaged on a reconnaissance 
in the mining regions of Southern Colorado, to report on roads and num¬ 
ber of settlers found. An allotment of $1,200 has been made for the 
service of the office for the year ending June 30, 1878, and an estimate 
of $5,000 made for the year ending Juue 30, 1879, 

(See Appendix R R.) 

Capt. James F. Gregory, on duty at the headquarters Department 
of Texas, reports that, iu consequence of want of funds for the purpose, 
but little topographical work was done during the year. This work 
comprised a survey of the post of Ringgold Barracks, and determina¬ 
tions for latitude and longitude at Forts Richardson, Griffin, Stockton, 
Concho, and McKavett. 

(See Appeudix S S.) 

Lieut. J. C. Mallery, at headquarters Military Division of the Pacific, 
reports that the discharge of the office employes at the close of the pre¬ 
ceding fiscal year prevented the completion of four important maps 
which have been much needed. 

Field work .—The eastern boundary of the Presidio military reserva¬ 
tion, as defined by the act of Congress of May 9,1876, was surveyed 
and marked by stone monuments. 

The boundaries of the Point San Josd military reservation were sur¬ 
veyed and marked. 

A survey of the military reservation at Camp Thomas, Arizona Ter¬ 
ritory, was made by First Lieut. E. D. Thomas, Fifth Cavalry, A. D. C., 
and acting engineer officer, Department of Arizona. 

A plan for preventing the drifting of sand upon the military reserva- 
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tion of Point San Josd was executed. The sand upon the reservation 
was fixed by producing a growth of barley and of lupine bushes. The 
sand blowing upon the reservation from the exterior was arrested at 
the boundary-lines by brush fences. 

Office work. —Information has been collected for the publication of an 
outline description of the military posts in the military division of the 
Pacific. Work has been commenced in making reduced drawings of 
the plans of the military reservations and posts, to accompany this 
publication. 

The following is an abstract of the office-work, viz: Drawings, 23; 
tracings, 53; maps mounted and backed, 45. 

(See Appendix T T.) 

Lieut. E. D. Thomas, Fifth Cavalry, acting engineer officer, Depart¬ 
ment of Arizona, reports that a survey of Camp Thomas military reser¬ 
vation was made in November, 1876. In his detailed report of his 
operations he has furnished this office with a full account of the military 
scouts in the department during the year, accompanied by a map on 
which the new geographical information has been plotted. His report 
also includes important information concerning the military roads of 
Arizona, and a detailed statement of what is required for their improve¬ 
ment and the estimated cost of the same. 

(See Appendix UU.) 

ESTIMATES FOR AMOUNTS REQUIRED FOR MILITARY AND GEOGRAPH¬ 
ICAL SURVEYS, EXPLORATIONS, AND RECONNAISSANCES. 

For military surveys and reconnaissances by the engineer officers at¬ 
tached to the various headquarters of military divisions and depart¬ 
ments, for extra-duty pay of enlisted topographical assistants, and for 
the construction and publication of maps for use of the War Depart¬ 
ment and the Army, $50,000 will be required. 

For geographical surveys of the territory of the United States west 
of the one hundredth meridian, there will be required for field and office 
work, and for preparing, engraving, and printing of plates and atlas- 
sheets, $120,000. 

OFFICE OF THE CHIEF OF ENGINEERS. 

In the labors of the office I was assisted, on the 30th of June, by the 
following officers in charge of the several divisions: 

First and second divisions. — Fortifications, battalion , and engineer 
depot, lands, armaments , personnel , cfee., Lieut. Col. Thos. L. Casey, in addi¬ 
tion to his other duties; and Capt. W. J. Twining. 

Third division. — River and harbor improvements , <Scc., Maj. John G. 
Parke. 

Fourth and fifth divisions. —Property accounts , estimates , funds, 
survey of the lakes , explorations, maps , instruments, &c., Maj. George H. 
Elliot. 

Very respectfully, your obedient servant, 

A. A. Humphreys, 

Brig. Gen., Chief of Engineers, 
Commanding Corps of Engineers. 

Hon. George W. McCrary, 

Secretary of War . 
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STATEMENT SHOWING RANK AND DUTIES OF OFFICERS OF THE CORPS 
OF ENGINEERS DURING THE FISCAL YEAR ENDING JUNE 30,1877. 


Rank and Name. 


Duties. 


BRIGADIER GENERAL 
AND CHIEF OF ENGI¬ 
NEERS. 


Andrew A. Humphreys.. 
Brt. Major General . 


COLONELS. 


Commanding Corps of Engineers. Member of Board for the 
survey of the harbor of Baltimore City and adjacent 
waters. Member of Joint Commission to supervise the 
construction of the Washington Monument. Member of 
Advisory Board to Harbor Commissioners^State of Massa¬ 
chusetts. Member of Board to determine pier and bulk¬ 
head lines of New York Harbor along Staten Island shore. 
Member of Commission to examine into the matter of 
contracts between the United States and the Moline 
Water-Power Company. To co-operate with authorities 
of the State of New York in examining and deciding upon 
exterior pier and bulkhead lines on Hudson River from 
State dam at Troy to the city of Hudson. 


John G. Barnard.. 

Brt. Major General . 


Henry W. Benham., 

Brt. Major General. 
John N. Macomb., 


James H. Simpson.. 

Brt. Brig. General. 


Israel C. Woodruff. 

Brt. Brig. General. 

Zealous B. Tower..._ 

Brt. Major General. 


LIEUTENANT COLONELS. 


Member of Board of Engineers for Fortifications. Member 
of Lighthouse Board. Member of Commission to report 
an opinion upon certain subjects connected with improve¬ 
ment of South Pass of the Mississippi River. Member of 
Board of officers for examination of Lieutenant Taber for 
promotion. 

In charge of construction of Forts Winthrop, Independence, 
and Warren, and work on Long Island Head, Mass. 

In charge of improvement of the upper Mississippi and Illi¬ 
nois rivers, and Des Moines and Hock Island rapids of the 
Mississippi River, harbors of Fort Madison, Burlington, 
and Duouque, Iowa. The survey for the improvement 
of that portion of the “Mississippi route n designated by 
the Senate Select Committee on Transportation-Routes to 
Seaboard, as improvements upon a system to be provided 
so as to give from 4$ to 6 feet depth of water at lowest 
stages from Falls of St. Anthony to Alton. Member of 
Board to inquire into the expediency of causing sheer- 
booms to be placed on upper eud of all or any bridge-piers 
in Mississippi River. 

In charge of improvement of Osage River and Mississippi 
River between the months of the Illinois and Ohio rivers. 
Member of Board to inquire into the expediency of caus¬ 
ing sheer-booms to be placed on upper end of all or any 
bridge- piers in Misissippi River. 

On detached service. Engineer 3d Lighthouse District 
Member of Board to report upon improvement of harbor 
at Buffalo, N. Y. 

Member of Board of Engineers for Fortifications. Member 
of Board to consider and report upon the necessity, Ac., 
of certain projected modifications to the Rock Creek 
Bridge of the Washington Aqueduct. Member of Board 
of officers for examination of Lieutenant Taber for pro¬ 
motion. Member of Board of officers to consider ques¬ 
tions relating to the improvement of the navigation of the 
Ohio River. 


Horatio G. Wright. Member of Board of Engineers for Fortifications. Member 

Brt. Major General. of Commission on repavement of Pennsylvania Avenue, 
.Washington, D. C. Member of Commission to report an 
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Statement showing rank and duties of officers of Corps of Engineers —Con'd. 


Bank and Name. 


LIEUTENANT COLONELS. 

(continued.) 


John Newton.. 

Brt. Major General. 


i 


George Thom. 

Bvt. Brig. General. 


John D. Kurtz- 

Bvt. Colonel. 


Barton 8. Alexander — 
Bvt. Brig. General. 


William F. Reynolds_ 

Brt. Brig. General. 
Charles & Stewart.... 


Duties. 


opinion upon certain subjects connected with improve¬ 
ment of South Pass of Mississippi River. Member of 
Board to consider and report upon the necessity, &c., of 
certain projected modifications to the Rock Creek Bridge 
of the Washington Aq ueduct. Member of Board of officers 
for examination of Lieutenant Taber for promotion. Mem¬ 
ber of Board of officers to consider questions relating to 
the improvement of the, navigation of the Ohio River. 
Member of Commission to examine into the matter of 
contracts between the United States and the Moline 
Water-Power Company. 

In charge of construction of Forts Montgomery, Columbus, 
Castle Williams, south battery Governor’s Island, Wood, 
Hamilton, and additional batteries, mortar battery at Fort 
Hamilton, N. Y., and fort at Sandy Hook, N. J. Manufac¬ 
ture and supply of mastic; improvement of the Hudson 
River, East Chester Creek, and Harlem River, N. Y., Otter 
Creek, Vt., and Passaic River, N.J.; removal of obstructions 
in the East River, including Hell Gate, N. Y.; improvement 
of channel between Staten Island and New Jersey; har¬ 
bor improvements at Burlington and Swanton, Vt., Rond- 
out, Portchoster, and Plattsburgh, N. Y. The survey of 
so much of the 3d subdivision of the “Northern route” 
designated by the Senate Select Committee on Transpor¬ 
tation-Routes to 8eaboard as extends from Troy, on the 
Hudson River, to New York City, until April 21,1877. Ex¬ 
amination and survey of Port Henry, Lake Champlain. 
To co-operate with authorities of the State of New York 
in examining and deciding upon exterior pier and bulk¬ 
head lines on Hudson River from State dam at Troy to 
the City of Hudson. 

In charge of works for improvement of rivers St. Croix, 
Machias, Penobscot, Kennebec, Kennebunk, Me., Cocheco, 
N. H., and Merrimoc, Mass.; of harbors of Camden, Port¬ 
land, Richmond’s Island, Belfast, Me., Gloucester, Salem, 
Boston. Plymouth, and Provincetown, Mass. Construc¬ 
tion or sea-walls of Great Brewster, Deer, and Lovell’s 
islands, Boston Harbor. 

In charge of construction of Forts Delaware, Del., and Mif¬ 
flin, Pa., battery at Finn’s Point, N. J., and work opposite 
Fort Delaware, piers at Newcastle and Lewes, Del.; har¬ 
bor improvements at Wilmington, Del., and on Delaware 
River and Bay: improvement of the Shrewsbury River 
and Cohansey Creek, N. J., Delaware and Broadkiln riv¬ 
ers, Del., and Schuylkill River, Pa. Member of Board to 
examine and report upon the foundation of the Washing¬ 
ton Monument. 

Senior Engineer charged with general supervision and in¬ 
spection of all matters under the command of the Chief of 
Engineers within the Pacific territory. Member of Board 
of Engineers for Fortifications on the Pacific Coast. Mem¬ 
ber of Commission to report an opinion upon certain sub¬ 
jects connected with improvement of South Pass of Mis¬ 
sissippi River. 

On detached service. Engineer 4th Lighthouse District. 


In charge of construction of fortifications at Fort Point, 
Point San Josd and Angel Island, San Francisco, and at 
San Diego, Cal., and improvement of San Diego Harbor 
and San Joaquin River, Cal. Member of Boara of Engi¬ 
neers for Fortifications on the Pacific Coast. 
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Statement showing rank and duties of officers of Corps of Engineers —Con’d. 


Rank and Name. 


Duties. 


LIEUTENANT COLONELS, 
(continued.) 

Charles E. Blunt. 

Bvt. Colonel, 


James C. Dnane.. 

Bet. Brig. General, 


Robert S. Williamson ... 


In charge of improvement of harbors of Port Clinton, Mon¬ 
roe, Toledo, Sandusky City, Huron, Vermillion, and Black 
River, on Lake Erie, until December 1,1876. In charge of 
improvement of harbors of Rocky River, Cleveland, Grand 
River, Ashtabula, Conneaut, Erie, Dunkirk, and Buffalo, 
on Lake Erie, and construction of Fort Porter, N. Y., and 
of Fort Wayne, Mich., Engineer of 10th Lighthouse Dis¬ 
trict until December, 30,1876. Member of Board to re¬ 
port upon improvement of harbor at Buffalo, N. Y. Mem¬ 
ber of Commission to consider matter of occupancy of East 
Pier at Cleveland, Ohio, by the Pittsburgh and Cleveland 
Railroad Company. 

In charge of construction of Forts Gorges, Preble, Scammel, 
Popham, Knox, and battery at Portland Head, Me., and 
Forts Constitution and McClary, and batteries on Jerry’s 
Point and Gerrish’s Island, Portsmouth Harbor, N. H. 
Engineer 1st and 2d Lighthouse districts. Member of 
Board to examine and report upon the foundation of the 
Washington Monument. 

On detached service. Engineer 12th Lighthouse District. 
Member of Board of Engineers for Fortifications on the 
Pacific Coast. 


Quincy A. Gillmore 

Bvt. Major General. 


Thos. Lincoln Casey .... 
Bvt. Colonel . 


MAJORS. 


In charge of construction of Forts Wadsworth, Tompkins, 
and its batteries, N. Y., Macon and Caswell, N. C., Moul¬ 
trie, 8nmter, Johnson, and Castle Pinckney, 8. C., Jackson 
and Pulaski, Ga., Clinch and Marion, Fla., and temporary 
charge of Forts Monroe and Wool, Va. Improvement of 
the bar at the month of St. John’s River, ana of the inside 
passage between St. John’s River and Nassau Inlet, Fla., 
Charleston Harbor, S. C., Savannah River and Harbor. 
Member of Board to test the strength and value of all 
kinds of iron, steel, and other metals submitted to it. 
Member of Commission on repavement of Pennsylvania 
Avenue, Washington, D. C. Member of Board to ex¬ 
amine and report upon the foundation of the Washing¬ 
ton Monument. Member of Board of officers to take into 
consideration and report upon the necessity, &c., of cer¬ 
tain projected modifications to the Rook Creek Bridge of 
the Washington Aqueduct. f 

In charge of the 1st and 2d Divisions, Office of the Chief of 
Engineers; of Public Buildings and Grounds and certain 
pnblic works in the District of Columbia, with the rank 
of Colonel: of work upon the building for the State, War, 
and Navy Departments, and of the Washington Aqueduct 
Member of Board to advise upon the ventilation of the 
Hall of the House of Representatives. 


Nathaniel Michler. 

Bvt. Brig. General . 

John G. Parke. 

Bvt. Major General. 
Gouverneur K. Warren.. 
Bvt. Major General . 


In charge of improvement of harbors of Port Clinton, Mon¬ 
roe, Toledo, Sandusky City, Huron, Vermillion, and Black 
River, on Lake Erie. 

In charge of the 3d Division, Office of the Chief of Engi¬ 
neers. 


In charge of construction of defenses of New Bedford Har¬ 
bor, Mass., Narragansett Bav,R. I.; improvement of har¬ 
bors of Wareham, Hyannis, Fall River, and New Bedford, 
Mass., Wickford and Newport, R. I.; improvement of 
rivers Taunton, Mass., Pawtucket and Providence, R. L, 
Pawcatuck, R. I. and Conn., and Connecticut, Conn.. 
Construction of Breakwater at Block Island, R. I. Im- 
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Statement showing rank and duties of officers of Corps of Engineers—' Con’d. 


Rank and Name. 


majors. 

(continued.) 


George H. Mendell 
Bet. Colonel. 


Henry L. Abbot. 

Bvt. Brig. General. 


William P. Craighill_ 

Bet. Lieut. Colonel. 


Cyras B. Comstock.... 
Bet. Brig. General. 


Godfrey Weftzel. 

Bet. Major General . 


Orlando M. Poe.. 

Bet. Brig. General. 


Duties. 


S rovement of Little Narragansett Bay, R. I. and Conn. 

[ember of Board to inquire into the expediency of 
causing sheer-booms to be placed on upper end of all 
or any bridge-piers in Mississippi River. Examining 
and reporting upon constructing railroad-bridges across 
the Mississippi River, between St. Paul and St. Louis, &c. 
In charge of construction of fort on Alcatraz Island, and of 
defenses at Lime Point, San Francisco Bay; Breakwater 
at Wilmington Harbor, Cal.; removal of Rincon Rock, in 
the harbor of San Francisco, Cal.; improvement of Oak¬ 
land Harbor, and Sacramento and Feather rivers, Cal. 
Member of Board of Engineers for Fortifications on the 
Pacific Coast. Member of Advisory Board of Commission¬ 
ers on the Harbor Hues of San Franoisoo. 

Commanding Engineer Depot and Post of Willets Point, and 
Battalion of Engineers. In charge of construction of Fort 
Schuyler and fort at Willets Point, N. Y., and of experi¬ 
ments with torpedoes. Member of Commission to examine 
into the matter of contracts between the United States 
and the Moline Water-Power Company. 

In charge of construction of defenses of Baltimore, Md., and 
Washington, D. C., improvement of Susquehanna, Patap- 
sco, Chester, Wicomico, and Elk rivers, Md.; James and 
Appomattox rivers, Va., Great Kanawha and New rivers, 
W. Va., and Cape Fear River, N. C., and of the harbors of 
Baltimore and Crisfield, Md. The survey of that portion 
of the “Central route” designated by the Senate Select 
Committee on Transportation Routes to the Seaboard as a 
connection by canal or freight railway from the Ohio River 
or Kanawha River, near Charleston, by the shortest and 
most practicable route, through West Virginia to tide¬ 
water in Virginia; and the improvement of the Kauawha 
River from its mouth to Great Falls, so as to give 6 feet 
navigation at all seasons. Member of Board for survey of 
the harbor of Baltimore City and adjacent waters. 

In charge of Survey of Northern and Northwestern Lakes 
and the survey of the Mississippi River until May 24, 1877. 
Detailed to report upon the depth and width of a channel 
secured and maintained by jetties constructed by James 
B. Eads at mouth of Mississippi River uutil May 28,1877. 
Member of Board to report upon improvement of harbor 
at Buffalo, N. Y. 

In charge of improvement of the Falls of the Ohio River, 
and Louisville and Portland Canal, of St. Mary’s Falls 
Canal; St. Mary’s, St. Clair, and Sebawain^ rivers, 
Mich.; of harbors of An Sable River, Black River, and 
Thunder Bay; Harbor of Refuge on Lake Huron, and 
removal of obstructions from Detroit River. In charge of 
St. Clair Flats Canal, Saginaw River, Mich., and of Har¬ 
bor of Cheboygan until March 19, 1877. Survey of the 
National Park on the Island of Mackinao. Engineer 11th 
Lighthouse District. Member of Board of officers to con¬ 
sider questions relating to the improvement of the navi¬ 
gation of the Ohio River. Member of Board of officers to 
examine and report upon certain changes proposed to be 
made in plan of harbor of Michigan City. Member of 
Board of officers to consider questions relating to the im¬ 
provement of the navigation of the Wabash River. 

On detached servioe. Aide-de-camp on the personal staff of 
the General of the Army with the rank of Colonel. Mem¬ 
ber of Lighthouse Board. Member of Board to retire 
disabled officers. 
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Statement showing rank and duties of officers of Corps of Engineers —Con’d. 


Rank and Name. 


majors. 
(continued.) 
David C. Houston., 
Bvt. Colonel. 


George H. Elliot 
Henry M. Robert. 


William E. Merrill 
Bvt Colonel. 


Walter McFarland 


Orville E.'Baboock.. 

t^Bvt. Brig. General . 


John M. Wilson... 
Bvt. Colonel . 


Franklin Harwood. 

Bvt Lieut . Colonel. 


John W. Barlow.. 

Bvt. Lieut. Colonel. 


Duties. 


In charge of harbor improvements at Milwaukee. Racine, 
and Kenosha; improvement of the Fox and Wisconsin 
riven. Member of Board of officers to examine and re¬ 
port upon certain changes proposed to be made in plan 
of harbor of Michigan City. 

In charge of the 4th and 5th Divisions, Office of the Chief 
of Engineers. 

In charge of .harbor improvements at Ontonagon, Eagle 
Harbor, and Marquette, Mich., Menomonee, Mich, and 
Wis., Green Bay, Ahnepee, Two Riven, Manitowoc, She¬ 
boygan, Port Washington, and Harbor of Refuge at en¬ 
trance of Sturgeon Bay Canal, Wis. 

In charge of improvement of the Ohio and Monongahela 
rivers, and the Little Kanawha River, W. Va. Engineer 
14th Lighthouse District. In charge of the improve¬ 
ment of the Wabash River until January 22, 1877. Mem¬ 
ber of Board of officen to consider questions relating to 
the improvement of the navigation of the Ohio River. 
Member of Board of officers to consider questions relating 
to the improvement of the navigation of the Wabash 
River. 

In charge of construction of Forts Ontario and Niagara, N. 
Y.; of harbor improvements at Olbott, Oak Orchard, 
Charlotte, Pultney ville, Big Sodus, Little Sodus, Oswego, 
Black River, Ogdensburg, Wilson, and Waddington, N. Y. 
In charge of the survey designated by the Senate Select 
Committee on Transportation Routes to the Seaboard as 
the •*Southern route,” viz, 1st, for the improvement of 
the Tennessee River from its mouth to Knoxville, so as to 
give 3 feet depth at lowest stages of water; and 2d,a 
communication by canal or freight railway, from some 
convenient point on the Tennessee River in Alabama, or 
Tennessee, by the shortest and most practicable route to 
the Atlantic Ocean. Engineer 10th Lighthouse District. 

In charge of Public Buildings and Grounds, and certain 
public works in the District of Columbia with the rank 
of Colonel; of work on the east wing of the building for the 
State, War, and Navy Departments; of Washington Aque¬ 
duct until March 3,1877. On detached service. Engi¬ 
neer 5th Lighthouse District. 

In charge of works for defense of the mouth of the Columbia 
River and improvement of the Willamette, Umpqua, 
Columbia, and Snake ri vers. Construction of canal around 
the Cascades of the Columbia River. Demarkation and 
survey of Military Reservation on San Juan and ad¬ 
jacent islands in Puget Sound; examination and survey 
at mouth*of Nehalem River and Alsea River and bar, Oreg. 
Engineer 13th Lighthouse District. 

On detached service. Engineer 5th Lighthouse Distriot 
until March 12,1877. In charge of St. Clair Flats Canal, 
and improvement of Saginaw River and Cheboygan Har¬ 
bor, Mich. Member of Board to report upon improvement 
of harbor at Buffalo, N. Y. 

In charge of Forts Griswold and Hale, and the construction 
of Fort Trumbull, Conn.; improvement of harbors of Ston- 
ington, New Haven, Bridgeport, Milford, Westport, South- 
port, and Norwalk, Conu., and Port Jefferson, N. Y.; im¬ 
provement of Honsatonic River, Conn., and Peoonic River, 
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Statement thawing rank and duties of officers of Corps of Engineers —Con’d. 


Rank and Name. 


majors. 

(continued.) 

Peter C. Rains. 

Bvt. Lieut. Colonel. 

Francis U. Farqnhar_ 

Bvt. Lieut. Colonel. 


George L. Gillespie.. 

Bvt. Lieut. Colonel. 


Charles R. Suter 


Jared A. Smith 


Sami. M. Mansfield...... 

Bvt. Lieut. Colonel. 

CAPTADT8. 

William J. Twining- 

Bvt. Major. 


William R. King.. 
Bvt. Major. 


Wm. H. H. Benyanrd_ 

Bvt. Major. 


Duties. 


On detached service. Engineer Secretary to Lighthouse 
Board. 

In charge of harbor improvem ents at Superior City, Superior 
Bay, and Duluth; improv ement of Falls of St. Anthony, 
aud of the Mississippi Ri ver above the Falls of St. An¬ 
thony; improvement of Chippewa and Minnesota rivers 
and the Red River of the North; construction of Meeker’s 
Island lock and dam. In charge of the survey of that 
portion of the “Mississippi route” designated by the Sen¬ 
ate Select Committee on Transportation Routes to the 
Seaboard as that for the construction of reservoirs at the 
sources of the river, and th at for securing from 3 to 5 feet 
depth of water art lowest st age above the Falls of St. An¬ 
thony. Member of Board to inquire into the expediency 
of cansing sheer-booms to b e placed on upper end of all or 
any bridge-piers in Mississippi River. 

On detached service. Engineer Officer, Military Division of 
the Missouri. In charge of the construction of the har¬ 
bors of Chicago, Calumet, Michigan City, and New Buffalo, 
nuder direction of the Chief of Engineers, until May 3,1877. 
Member of Board of officers to examine and report upon 
certain changes proposed to be made in plan of harbor of 
Michigan City. 

In charge of improvement of the Mississippi, Missouri, Ar¬ 
kansas, White, and St. Francis rivers. The examination 
of that portion of the “ Mississi ppi route ” designated by 
8enate Select Committee on Transportation Routes to the 
Seaboard as that which relates to the plan and probable 
cost of securing a depth of from 8 to 10 feet at lowest 
stage of water between Cairo and New Orleans. Engi¬ 
neer 15th Lighthouse District. Member of Board to i nqnire 
into the expediency of causing sheer-booms to be placed 
on upper end of all or any bridge-piers in Mississippi River. 

In charge of construction of Forts Jefferson and Taylor, 
Fla., until Dec. 16,1876. Engineer 7th Lighthouse Dis¬ 
trict until Dec. 27,1876. In charge of the improvement of 
the Wabash River. Member of Board of oflicers to con¬ 
sider and report upon certain questions in connection with 
improvement of the Wabash River. 

In charge of harbor improvements at Charlevoix, Frankfort, 
Manistee, Ludington,Pentwater, White River, Muskegon, 
Grand Haven, Black Lake, Saugatuck, South Haven, and 
St. Joseph, on Lake Michigan. 

On temporary duly in Office of the Chief of Engineers. In 
charge of survey of the Union Pacifio and Central Pacific 
railways. On duty under Department of State, as chief 
astronomer and surveyor, upon Joint Commission for the 
survey of the boundary line along the 49th Parallel. Oq 
duty with Board of Arbitrators, Maryland and Virginia 
water-boundary. 

In charge of improvement of the Tennessee River; Cumber¬ 
land River above and below Nashville, Tenn., Tombigbee 
River, Miss., and Hiawassee River, Tenn., Oostenaula, 
Coosa wattee, Etowah, and Oomulgee rivers, Ga., and Coosa 
River, Ga. and Ala. 

In charge of improvement of the Ouachita River in Louisiana 
and Arkansas, and of the Yazoo River in Mississippi, and 
Cypress Bayou, Texas; of water-gauges on the Mississippi 
River and its principal tributaries; removal of raft in Red 
River, La.; dredging at foot of Sodo Lake, Texas. 
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Statement showing rank and duties of officers of Corps of Engineers— Cou’d. 


Rank and Name. 


Duties* 


CAPTAINS, 
(continued.) 
Charles W. Howell., 
Bvt. Major . 


Garret J. Ly decker 


Arthur H. Burnham. 

Bvt. Major . 

Amos Stickuey. 

Bvt. Major. 

James W. Cuyler. 

Alexander Mackenzie 
Oswald H. Ernst. 


David P. Heap 


In charge of construction of Forts Pike, Macomb. Tower Da- 
prbs, Battery Bienvenue, Tower at Proctorsville, Jackson, 
St. Philip, and Livingston. Improvement of the mouth 
of the Mississippi River at S.W. Pass, Galveston Harbor, 
Sabine Pass, and Red Fish Bar in Galveston Bay. Im¬ 
provement and survey of ship-channel San Jacinto River 
to Bolivar Channel, Galveston Bay, Texas. Improvement 
of Pass Cavallo, Texas. 

On duty nnder immediate orders of M^or Houston until May 
3,1877. On detached service. Engineer Officer, Military 
Division of the Missouri. In charge of the construction 
of the harbors of Chicago, Calumet, Michigan City, and 
New Buffalo, under direction of the Chief of Engineers. 

On duty under immediate orders of Colonel Benham. 

On duty under immediate orders of Colonel Macomb. 

On duty under immediate orders of Major CraighiU. 

On duty under immediate orders of Major Weilzel. 

Commanding Company E, Battalion of Engineers. On duty 
at the U. S. Military Academy as instructor of Practical 
Military Engineering, Military Signaling, and Telegraphy. 

On duty under immediate orders of Major JVarren. On tem¬ 
porary duty under Board of U. S. Executive Departments 
with International Exhibition of 1876. 


William Ludlow. 

Bvt. Lieut. Col . 
Charles B. Phillips.. 


On duty under immediate orders of Lieutenant Colonel Kurtz. 

On duty under immediate orders of Major CraighiU Mem¬ 
ber of Advisory B 3ard to State Harbor Commission of Nor¬ 
folk and Portsmouth. 


William A. Jones...; 
Andrew N. Damrell 
Bi t. Major. 


Charles J. Allen .... 
Bvt. Major. 


Charles W. Raymond_ 

Lewis C. Overmau. 

Alexander M. Miller. 


Micah R. Brown 


Milton B. Adams 


On detached service. Engineer 6th Lighthouse District. 

In charge of construction of defenses of Mobile and Pensa¬ 
cola, and fort on 8hip Island, Miss.; improvement of har¬ 
bor of Mobile; of Chattahoochie and Flint rivers, Ga., 
Apalachicola River, Fla., and Warrior and Tombigbee 
rivers, Ala.; removal of obstructions in the Choctaw- 
hatchie River, Ala., and Fla.; dredging the bar at mouth 
of harbor at Cedar Keys, Fla. Engineer 8th Lighthouse 
District. 

On duty nnder immediate orders of Colonel Simpson. Mem¬ 
ber of Board to inquire into expediency of causing sheer- 
booms to be placed on the upper end of all or any bridge- 
piers in Mississippi River. 

On detached service. On duty at U. S. Military Academy. 

On duty under immediate orders of Captain King. 

On detached service. On duty at U. S. Military Academy 
until August 30,1876. Commanding Company B, Battal¬ 
ion of Engineers. Member of general courts-martial to 
meet at Willets Point Nov. 28,1676, and May 29, 1877. 

On duty under immediate orders of M^jor Comstock upon 
improvement of South Pass of the Mississippi River until 
May 28, 1877. Temporarily detailed to report upon the 
depth and width of a channel secured and maintained by 
jetties constructed by James B. Eads at the mouth of the 
Mississippi River. 

On duty under immediate orders of Lieutenant Colonel 
Blunt. 
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Statement showing rank and duties of officers of Corps of Engineers —Clon’d. 


Rank and Name. 


Duties. 


captains. 
(continued.) 
Wm. B. Livermore 


William H. Hener 


William S. Stanton 


Commanding Company C, Battalion of Engineers. Member 
of general court-martial to meet at Willets Point, N. Y. 
Harbor, Nov. 28,1876. 

On duty under immediate orders of Lieutenant Colonel Heic- 
ton until July 28, 1876. In temporary command of Com¬ 
pany A, Battalion of Engineers. Additional member of 
general court-martial appointed to meet at Willets Point, 
N. Y. Harbor, July 18, 1876. Under Captain Twining on 
survey of the Union Pacific and Central Pacific railways. 
In charge of construction of Forts Jefferson and Taylor, Fla. 
Engineer 7th Lighthouse District. 

On detached service. Engineer Officer, Department of the 
Platte. 


A,Xishet Lee. .. On duty under immediate orders of Major Weitzel. 

ThomasH.Handbury ... On detached service. On duty at U. S. Military Academy 
until Aug. 30, 1876. Commanding Company A, Battalion 
of Engineers. Member of general court-martial to meet 
at Willets Point, N. Y. Harbor, Nov. 28, 1876. Member 
of general oonrt-martial to meet at Willets Point, May 29, 
1877. 


James C. Post 


On duty under immediate orders of Lieutenant Colonel Gill- 
more. On temporary doty under Captain Heap , in connec¬ 
tion with the International Exhibition of 1876. 


James F. Gregory 


Henry M. Adams. 


James Mercur 


FIRST LIEUTENANTS. 


On detached service. On duty under Department of State 
upon Joint Commission for survey of the boundary-line 
along the 49th Parallel. Under Captain Tunning in sur¬ 
vey of the Union and Central Pacific railways. Engineer 
Officer, Department of Texas. In charge of works tor the 
protection of site of Fort Brown, Tex., under direction of 
the Chief of Engineers. 

On duty under immediate orders of Major Comstock until 
May 24, 1877. In temporary charge of the Survey of 
Northern and Northwestern Lakes, and survey of the Missis¬ 
sippi River. 

Commanding Company A, Battalion of Engineers until Aug. 
5,1876. Member of general coart-martial to meet at Wil¬ 
lets Point, N. Y. Harbor, July 18,1876. On duty under im¬ 
mediate orders of Lieutenant ColonelNetrkw until April 21, 
1877. In temporary charge of construction of Forts Mont¬ 
gomery, Colnmbns, Castle Williams, south battery Govern¬ 
or's Island, Wood, Hamilton and additional batteries, mor¬ 
tar battery at Fort Hamilton, and fort at Sandy Hook. Man¬ 
ufacture and supply of mastic. Improvement of the Hud¬ 
son River, Harlem River, and East Chester Creek, N. Y., 
Otter Creek, Vt., and Passaic River, N. J.: removal of ob¬ 
structions in the East River, including Hell Gate, N. Y.j 
improvement of channel between Staten Island and New 
Jersey; harbor improvements at Burlington, and Swan- 
ton, Yt., Rondout, Portcheeter, and Plattsburgh, N. Y. 
The survey of so much of the 3d subdivision of the “ North¬ 
ern route' 1 designated by the Senate Select Committee 
on Transportation-Routes to Seaboard, as extends from 
Troy, on the Hudson River, to New York City. 


Chas. E. L. B. Davis. 

Benjamin D. Greene, w... 

! 


On doty under immediate orders of Captain Howell. 
Quartermaster Battalion of Engineers. A. A. Q. M. & A. C. 
8., and recruiting officer Post of Willets Point. Member 
of general court-martial to meet at Willets Point, N. Y. 
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Statement shotting rank and duties of officers of Corps of Engineers —Con’d. 


Bank and Namb. 


Duties. 


FIRST LIEUTENANTS, 
(continued.) 


John H. Weeden 


Harbor, July 18,1876. Under Captain Homing in survey 
of the Union Pacific and Central Pacific railways. Adju¬ 
tant Battalion of Engineers and Post of Willets Point. 
Post Treasurer and Signal Officer. Member of general 
court-martial to meet at Willets Point May 29,1877. 

On dnty under immediate orders of Lieutenant Colonel 
Stewartlsmd of the Board of Engineers for Fortificationa on 
the Pacific Coast. Died January 29,1877. 


George M. Wheeler 


In chan 
the 1(3 


a of Geographical Surveys of the territory 
)th meridian. 


west of 


James B. Quinn 


Daniel W.Lockwood.... 


Commanding Company B, Battalion of Engineers. Under 
Captain Tioining on survey of the Union Pacific and Cen¬ 
tral Pacific railways. Quartermaster Battalion of Engi¬ 
neers. A. A. Q. M. Sl A. C. S., and recruiting officer Post of 
Willets Point. Member of general coart-martial to meet 
at Willets Point, N. Y. Harbor, May 29, 1877. 

On duty under immediate orders of Major Comstock until 
May 24, 1877. On duty under immediate orders of Cap¬ 
tain JET. M. Adams . 


Ernest H. Rnffner 


John C.Mallery. 

Clinton B. Sears. 

Thomas Turtle. 

Edward Maguire. 

Frederick A. Mahan. 

Charles F. Powell. 

Frederick A. Hinman_ 

Albert H. Payson. 


John G. D. Knight 
Richard L. Hoxie. 


Edgar W. Bass 


On detached service. Engineer Officer, Department of the 
Missouri. In charge of completion of military road from 
Santa Fd to Taos, N. M. On temporary duty under im¬ 
mediate orders of Captain Heap in connection with Inter¬ 
national Exhibition of 1876. Member of general court- 
martial to meet at Fort Leavenworth, Kas., Feb. 8, 1877. 

On detached service. Engineer Officer, Military Division of 
the Pacific and Department of California. Member of gen¬ 
eral court-martial to meet at Alcatraz Island, Cal., May 
23,1877. 

On duty under immediate orders of Colonel Benkam until 
Aug. 28,1876. On detached service. On duty at the U. S. 
Military Academy. 

On duty under immediate orders of M^jor Craighill. 

On detached service. Engineer Officer, Department of Da¬ 
kota. In charge of the improvement of the Missouri 
River above the mouth of the Yellowstone under the di¬ 
rection of the Chief of Engineers. 

On duty under immediate orders of Mf^jor Merrill. Re¬ 
corder of Board of officers to consider questions relating 
to improvement of the navigation of the Ohib River. 

On duty under immediate orders of Major Comstock until 
May 24,1877. On duty under immediate orders of Capt 
U. M. Adams. 

On duty under immediate orders of Major Houston. 

On dnty at the U. S. Military Academy and with Company E, 
Battalion of Engineers, until March 8,1877. On duty un- 
dor immediate orders of Lieutenant Colonel Stewart, and of 
the Board of Engineers for Fortifications on the Paoific 
Coast. 

O n detached service. On dnty at the U. S. Military Academy. 

On detached service. Chief Engineer of the District of 
Columbia under the direction of the Board of Commis¬ 
sioners. 

Adjutant Battalion of Engineers and Post of Willets Point; 
Post Treasurer and 'Signal Officer until Sept. 14, 1876. 
Member of general court-martial to meet at Willets Point, 
N. Y. Harbor, July 18, 1876. On detached service. On 
duty at the U. 8. Military Aoademy. 
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Statement showing rank and duties of officers of Corps of Engineers —Con’d* 


Hank and Name. 


DUTIB8. 


FIRST LEEUTENANT8. 

(continued.) 
William L. Marshall_ 


Joseph H. Willard 


Eric Bergland- 

Samuel £. Tillman 

Philip M. Price... 


On duty under immediate orders of Lieutenant Wheeler on 
explorations west of 100th meridian until 'Aug. 8,1876. 
On duty under immediate orders of Captain King. 

On dnty under immediate orders of Lieutenant Colonel New¬ 
ton until April 21,1877. On duty under immediate orders 
of Captain Mercur. Recorder of Board to examine and 
decide upon pier and bulkhead lines upon Hudson River, 
from the State dam at Troy to the city of Hudson. 

On duty under immediate orders of Lieutenant Wheeler. 

On duty at the U. S. Military Academy until Aug. 9,1876* 
On duty under immediate orders of Lieutenant Wheeler. 

On dnty under immediate orders of M^jor Comstock until 
May 24,1877. On duty under immediate orders of Capt. 
H. M. Adams. 


Francis Y. Greene 


Carl F. Palfrey 


William H. Bixby 
Henry 8. Taber.. 


SECOND LIEUTENANTS. 


On detached service. On duty in the office of the Secretary 
of War until June 23, 1877. On duty under the Depart¬ 
ment of State as Military Attach^ of the U. S. Legation 
at St. Petersburg. 

On detached service. On duty at the U. S. Military Academy. 
Member of general court-martial to meet at West Point, 
N. Y., Jan. 12,1877. 

On detached service. On dnty at the U. S. Military Academy. 
On duty with Company B, Battalion of Engineers. 

On duty with Company B, Battalion of Engineers. Addi¬ 
tional member of general court-martial appointed to meet 
at Willets Point, N. Y. Harbor, July 18, 1876. Battalion 
Quartermaster, A. A. Q. M., A. C. S., and R. O. Post oi 
Willets Point until Deo. 22, 1876. On duty at the U. 8. 
Military Academy, and with Company E, Battalion of En¬ 
gineers. 


William T. Rossell 


Thomas N. Bailey 
Thos. W. Symons 


Smith 8. Leach 


Dan C. Kingman.j 

1 


On dnty with Company A, Battalion of Engineers, until Aug. 
28, 1876. Member of general court-martial to meet at Wil¬ 
lets Point, N. Y. Harbor, July 18, 1876. On detached ser¬ 
vice. On duty at the U. S. Military Academy. 

On duty under immediate orders of Maior Comstock , until 
Aug. 23,1876. On detached service. On duty at the U. S. 
Military Academy. 

On dnty with Company C, Battalion of Engineers, until Aug. 
8, 1876. Judge-advocate of general court-martial to meet 
at Willets Point, N. Y. Harbor, July 18, 1876. On duty 
under immediate orders of Lieutenant Wheeler. 

On temporary duty under immediate orders of Captain Heap 
in connection with International Exhibition, 1876, until 
Sept. 14,1876. Adjutant Battalion of Engineers and Post 
of Willets Point; Post Treasurer and Signal-officer, until 
Dec. 11,1876. Member of general oourt-martial to meet 
at Willets Point, N. Y. Harbor, Nov. 28, 1876. On duty 
with Company C, Battalion of Engineers. Member of 
general court-martial to meet at Willets Point, N. Y. Har¬ 
bor, May 29, 1877. 

On duty with Company C, Battalion of Engineers. Member 
of general court* martini to meet at Willets Point, N. Y. Har¬ 
bor, July 18,1876. Judge-advocate of general court-mar¬ 
tial to meet at Willets Point, N. Y. Harbor, May 29,1877. 
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Statement showing rank and duties of officers of Corps of Engineers —Con’d. 


Rank and Name. 


SECOND LIEUTENANTS, 
(continued.) 
Eugene Griffin..... 


Willard Young 


William M. Black....... 

Walter L. Fiak...... 

Solomon W. Roessler_ 

U. S. CIVIL ENGINEERS. 

Clarenoe King. 

S. T. Abort.. 


M. Meigs 


Duties. 


On duty with Company B, Battalion of Engineers. Judge- 
advocate of general court-martial to meet at Willets Point, 
N. Y. Harbor, July 18, 1876. Member of general courts- 
martial to meet at Willets Point, N. Y. Harbor, Nov. 28, 
1876, and May 29, 1877. 

On duty with Company A, Battalion of Engineers. Mem¬ 
ber of general court-martial to meet at Willets Point, N. 
Y. Harbor, July 18, 1876. Judge-advocate of general 
court-martial to meet at Willets Point, N. Y. Harbor, Nov. 
28,1876. Member of general court-martial to meet at Wil¬ 
lets Point, N. Y. Harbor, May 29, 1877. 


In charge of Geological Exploration of 40th Parallel. 

In charge of improvement of Occoquan, Rappahannock, 
Elizabeth, and Nansemond rivers, Va., Roanoke, Pamplioo, 
Perquimans, and French Broad rivers, N. C.; of Aquia, 
Accotink, and Nomini creeks, Ya.; of the harbors of 
Washington and Georgetown, D. C., and Norfolk, Va. 

On duty under immediate orders of Colonel Macomb. 
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LAWS 


AFFECTING 

THE CORPS OF ENGINEERS. 


FORTY-FOURTH CONGRESS, SECOND SESSION, 1876-77. 


CHAP. 25.—An net to amend an aet entitled “An aet authorizing the repavement Jan. 16, 1877. 

of Pennsylvania avenue,” and the act amendatory thereof. - 

Be it enacted by the Senate and House of Representatives of the United Slates 18 ^ ct ch J ° 1 ^ 1 9 i 
of America t* Congress assembled , That so much of said act, and the act i c t ’ August ** 15 , 
amendatory thereof, approved August fifteenth, eighteen htyidred and 1876, oh. 3 0 6] 
seventy-six, as provides that the said pavement shall be fully completed amended, 
and ready for use January fifteenth, eighteen hundred and seventy-seven, inJpJnnsvivaSia 
is hereby amended so as to extend the time for the completion of said work avenue extend- 
to the first day of June, eighteen hundred and seventy-seven: Provided , ed. 

That the sureties in the contract fordoing said work shall file with the Proviso, 
said paving commissioners their consent in writing to the extension of 
time provided for in this act, and in default thereof that the contractors 
shall file a new bond to the satisfaction of the said paving commissi on¬ 
ers, before said contractors shall be entitled to any benefits under the 
provisions of this act. 

Approved, January 16, 1877. 


CHAP. 31.—An act authorizing the Commisaioners of the District of Columbia to j« n . 20,1877. 

remove the jail on Judiciary Square to grounds near to the Washington Asylum for--- 

the use of the District. 


Be it enacted by the Senate and House of Representatives of the United States Jail on Judici- 
of America in Congress assembled, That the Commissioners of the District W Square may 
of Columbia are hereby authorized and empowered to tear down and 06 remove(1 - 
remove the jail situate on Judiciary Square, in the city of Washington, Use of material, 
and with the material thereof, an4 such other as may be necessary, to 
locate and construct, within the present year, a suitable building or 
buildings for the work-house of the Washington Asylum, for the use of 
said District, upon the following grounds, namely: Upon the public Location of new 
reservation in said city of Washington now occupied in part by the buildings, 
buildings of the Washington Asylnm, beginning on the east side of Nine¬ 
teenth street east, at the southwestern angle of the ground occupied by 
said Washington Asylnm; running thence south along the east line of 
said street to the point at which the north line of E street, if prolonged, 
would intersect the east line of said Nineteenth street east; running 
thence east three hundred feet, thence north to the south boundary of 
the asylum grounds; thence west three hundred feet to the point of 
beginning; and that it shall he lawful to use said building or buildings Use of new 
ana grounds for the imprisonment, under the laws, of persons sentenced buildings, 
to imprisonment by the police court of said District, or by the supreme 
court of said District, io cases appealed from said police court, for vio¬ 
lation of the municipal laws or ordinances in force in said District. 

Sec. 2. That said Commissioners shall not expend more than fourteen Limit of eost 
thousand dollars in and about the aforesaid work of tearing down, re¬ 
moval, and construction; whioh Bum is hereby appropriated for that Appropriation 
purpose out of any money in the Treasury not otherwise appropriated. 
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Grading, &c., Sec. 3. That, for the removal of earth and rubbish, grading, sewerage 
8q AnDronriation an< * ot ^ er improvements of Judiciary Square, the snm of two thousaud 
pp p * dollars is hereby appropriated out of auy money in the Treasury not 
455, 18 ottoor^ 86 appropriated, in lieu of the money to have been derived from 
stat., 885. the 0 £ t jj e j a j| in ggjj and appropriated June three, eighteen 

hundred and seventy-four. 

Approved, January 20, 1877. 


Feb. 88,1877. CHAP. 76.—An act to authorize the'Ocean City Bridge Company to maintain and 

--- operate a bridge heretofore erected over and across Synepnxent Bay in Worcester 

County, Maryland. 

Ocean City Beit enacted by the Senate and Home of Representatives of the United States 
Bridge Company 0 f America tn Congress assembled , That the Ocean City Bridge Company, 
bridge alntain a corporation created by an act of the general assembly of the State of 
* * Maryland, passed at the January session thereof, in the year eighteen 

hundred and seventy-six, be, and it is hereby, authorized to maintain 
and operate a bridge heretofore bnilt across Synepnxent Bay, from Horn- 
mock Point to Ocean City in Worcester County in said State, with all 
the powers, rights, and franchises, and subject to all the conditions, 
duties, and obligations, which are conferred and imposed upon said cor¬ 
poration in and by the several provisions of the said act of incorporation. 

Changes or re- Sec. 2. If the bridge authorized by the preceding section, shall at any 
moral of bridge, time, in the opinion of the Secretary of War, substantially or materially 
obstruct the free navigation of the Synepnxent Bay, the same shall 
under the direction of the Secretary and at the expense of the owner or 
owners, he so altered or changed as to obviate the obstruction, and if in 
the opinion of the Secretary, the removal of the bridge shall he neces¬ 
sary to secure the navigation of said J>ay, such bridge shall within sixty 
days after notice to that effect, he removed by the owner or owners at 
his or their expense. 

Approved, February 28,1877. 


March 3,1877 CHAP. 103.—An act making appropriations for the legislative, executive, and jodi- 

_ cial expenses of the Government for the year ending June thirtieth eighteen non- 

dred and seventy-eight and for other purposes. 

Approprla- Be it enacted by the Senate and House of Representatives of the United 
tion a. Legisla- States of America in Congress assembled, That the following sums he, and 
and ’ 1u?icSJ tl ex t ' ie 8111116 are hereby, appropriated out of any money in the Treasury 
pensea. not otherwise appropriated, in full compensation for the service of the 

fiscal year ending June thirtieth eighteen hundred and seventy eight, 
for the objects hereinafter expressed, namely : 


PUBLIC BUILDINGS AND GROUNDS. 

Salaries. For clerk in the Office of Public Buildings and Grounds, one thousand 

four hundred dollars. 

For messenger in the same office, eight hundred and forty dollars. 

For public-gardener, one thousand six hundred dollars. 

For the laborer in charge of the water-elosets in the Capitol, seven 
hundred and twenty dollars. 

For a foreman and laborers employed in the public grounds, fourteen 
thousand dollars. 

For two laborers in the Capitol, one thousand four hundred and forty 
dollars. 

Architect o f For the person in charge of the heating-apparatns of the Library of 
Congress, and other steam-beating apparatus in the central building, 
builcfinge.' tptwu eight hundred and sixty-four dollars; and the Architect of the Capitol 
shall hereafter have the care and superintendence of the Capitol, includ¬ 
ing lighting, and shall submit through the Secretary of the Interior 
annually estimates thereof. 

Executive For the following employees at the Executive Mansion, namely: For 
ployGs. 81 ° n em f arD ace-keeper, eight hundred and sixty-four dollars; one night-watch- 
v * man, at nine hundred dollars; one night-usher, at one thousand two 

hundred dollars; two day-ushers, one at the President’s door and one 
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at the door of the secretary, at one thousand two hundred dollars each ; 
tod two doorkeepers, at one thousand two hundred dollars each; in all, 
seven thousand seven hundred and sixty-four dollars. 

For two draw-keepere for Navy-Yard and Upper bridges, and for fnel, Draw-keepers, 
oil, and lamps, one thousand six hundred dollars. 

For watchman in Franklin Square, seven hnndred and twenty dollars, watchmen in 

For watchman at Lafayette Square seven hundred and twenty dollars, grounds. 

For two watchmen in Smithsonian grounds, at seven hundred and 
twenty dollars each, one thousand four hundred and forty dollars. 

For one bridge-keeper at Chain Bridge, seven hundred and twenty 
dollars. 

For contingent and incidental expenses, five hundred dollars. Contingencies. 

That there be allowed and paid to the two watchmen in the Smith- Watchmen, 
sonian grounds, the two laborers in the Capitol building, one public dtc., discharged, 
gardener, and one watchman in Lincoln Square, discharged by reason A 

of the second section of the act making appropriations ror the legisla- ’ 
five, executive, and judicial expenses of the Government for the fiscal 
year ending June thirtieth, eighteen hundred and seventy-seven, and 
for other purposes, approved August fifteenth, eighteen hundred and 
seventy-six, a sum equal to the amount of their respective pay from 
August sixteenth, eighteen hundred and seventy-six September fifteenth, 
eighteen hundred and seventy-six, four hundred and twenty dollars. 


WAR DEPARTMENT. 

* • • * » • * 

lx the Office of thk Chief of Engineers.— One chief clerk at two Engineer Bn- 
thonsand dollars; four clerks of class four; three clerks of class three ; reau - 
three clerks of class two; three clerks of class one; one messenger; two 
laborers; in all, twenty-four thousand and eighty dollars. 

• • * * * # # 

For contingent expenses, namely for stationery, office-furniture mis¬ 
cellaneous and incidental expenses, including purchase of professional 
books and maps, two thousand five hundred dollars. 

• • * * • # # 

Approved, March 3, 1877. 


CHAP. 103.—An act making appropriations for sundry civil expenses of the Govern- A p p rop ri a- 
■wot for the fiscal year ending Jnne thirtieth, eighteen hundred and seventy-eight, tiona * ' 
and for other purposes. 

Be it enacted by the Senate and Rouse of Representatives of the United 
Stetes of America in Congress assembled, That the following sums be, and Sundry civil 
the same are hereby, appropriated, for the objects hereinafter expressed, expi,n8e8 ’ 
for lbs fiscal year ending Juue thirtieth, eighteen hundred aud seventy- 
eight, namely: 

• * » * * # # 


UNDER THE TREASURY DEPARTMENT. 


MISCELLANEOUS OBJECTS. 


protect 
ck 


To protect the piers at the draw of the bridge across the Mississippi To r 
River at Rock Island Illinois owned by the United States, by the erec- pi«r®,? f . 0 

tion of booms, to be expended under the direction of the Secretary of IslAlld bridge. 
War, fifteen thousand dollars, and the Chicago Rock Island and Pacific 
Railway Company is required to refund to the Treasury of the United 
States, one-half of the said sum, and the Secretary of the Treasury is 
hereby directed to enforce this condition. 


10 H 
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Surveys of 
northern and 
northwestern 
lakes, See. 


Proceeds of sale 
of survey-steam¬ 
ers. 


Proviso. 


Snrveys and re* 
connaissances, 
maps. 

1875, ch. 39, 18 
Stat., 314. 


Public grounds 
i_n^W ashington, 


No expenditure 
for removing iron 
fences. 


Dennings, Ana- 
coRt ia, and Chain 
bridges. 

Pedestal for 
statute of Gener¬ 
al G. H. Thomas. 

1876, ch. 246. 


Executive 

Mansion. 


Lighting Ex¬ 
ecutive Mansion, 
Ac. 


State of mete 1 " 8 
in Department 
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UNDER THE WAR DEPARTMENT. 


Surveys of northern and northwestern lakes and Mississippi 
River: For continuing surveys of Lakes Erie and Ontario; determina¬ 
tion of poiuts in aid of State surveys and construction of maps; con¬ 
tinuation of triangulation south from Chicago and east to Lake Erie; 
survey of the Mississippi River; and miscellaneous one hundred and 
ten thousand dollars. Provided, That the proceeds of the sale of the 
steamers belonging to the survey of the northern and northwestern 
lakes shall be placed in the Treasury to the credit of the appropriation 
of said survey aud the whole amount shall be immediately available 
Provided further That twenty iive thousand dollars of the foregoing sum 
shall be expended under the direotion of the Chief of Engineers in con¬ 
tinuing the survey of the Mississippi River and its tributaries with a 
view of determining the proper method of reclaiming from overflow 
the alluvial lands of the Mississippi delta. 

* • v # * # * 

The balance not to exceed eighteen thousand dollars of the appropri¬ 
ation of February tenth, eighteen hundred and seventy-five, for surveys 
for seacoast defences now standing on the books of the Treasury De¬ 
partment is hereby also made available for the surveys and reconnois- 
ences by the engineer officers attached to the headquarters of the 
various military divisions and departments and for the publication of 
maps for the use of the War Department and the Army. 


BUILDING8 AND GROUNDS IN AND AROUND WASHINGTON. 

Improvement and care of public grounds: For filling in and improv¬ 
ing grounds south of Executive Mansion four thousand dollars. 

For ordinary care and extension of greenhouses at the nursery, one 
thousand five hundred dollars. 

For ordinary care of Lafayette Sqn&re one thousand dollars. 

For eare of and improvement of reservation No 3 Monumental 
Grounds one thousand dollars. 

For annual repair of fences one thousand dollars. 

For manure aud hauling of the same, one thousand five hnndred 
dollars. 

For painting iron fences two thousand dollars. 

For repair of seats five hundred dollars. 

For purchase aud repair of tools five hundred dollars. 

For trees, tree stakes, lime and whitewashing two thousand dollars. 

For removing snow aud ice one thousand dollars. 

For flowers, pots, twine and Italian lycopodium five hnndred dollars. 

For abating nuisances five hundred dollars. 

For care of and repairs to fountains in the pnblio grounds five hun¬ 
dred dollars. 

For improving various reservations fonr thousand dollars. 

Provided , That no sum of money herein appropriated shall be ex¬ 
pended by the Commissioner of Public Buildings and Grounds to take 
down or remove auy iron fence aronud any square or reservation in the 
city of Washington. 

For ordinary repairs to Bennings and the Auaoostia and Chain 
bridges one thousand dollars. 

For pedestal for the statne of General George H. Thomas, the unex¬ 
pended balance of the snm appropriated for this purpose in the act of 
July thirty first eighteen hundred and seventy six is hereby reappro> 
priated and rendered available. 

* * • * # * * 

For repairs of the Executive Mansion, refurnishing the same, andfnel 
for the same and for care and necessary repairs of the greenhouses, 
twenty thousand dollars. 

For lighting the Executive Mansion and publio grounds, namely, for 
gas, pay of lamp lighters, gas litters, plumbers and plumbing, lamps, 
lamp-posts, matches and repairs of all kiuds, fuel for watchmen’s lodges 
and for greenhouses at the nursery, fifteen thousand dollars: Provided, 
That the superintendent of metera at the Capitol shall hereafter take 
the statement of the meters of the several Department baihlings in the 
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city of Washingtoi and render to the proper accounting officers of the buildings to be 
Treasury Department the consumption of gas each month in said buUd- uken * 
ings respectively. 

For repairing and extending water pipes, purchase of apparatus to Water pipes., 
clean them and for cleaning the springs that supply the Capitol, Exec- 
utive Mansion and War and Navy Departments, four thousand dollars. 

Washington aqueduct: For engineering, maintenance and general re- Washington 
pairs, fifteen thousand dollars. Aqueduct. 

For repairs and care of the telegraph to connect the Capitol with the Department 
Departments and the Public Printing Office, five hundred dollars. telegraph. 

• ••**• * 

For geographical surveys of the territory west of the one hundredth Geographical 
meridian, and for preparing, engraving and printing the cuts, charts, anrreys ; charts, 
plates and atlas sheets for geographic^ surveys west of the one hun- P“ fcte8 » ®°* 
dredth meridian, fifty thousand dollars, which shall be immediately 
available. 

******* 

State, War, and Navy Department building: For continuation of the State,War, and 
east wing of the building, two hundred and fifty thousand dollars, and N 
for preparing granite for the constrnotion of the north wing, one hun- m * nl u 
dred and fifty thousand dollars; which shall be immediately available, 
and expended under the direction of the Secretary of War. 

• ###»## 

Approved, March 3, 1877. 


CHAP. IOC.—An act making appropriations to supply deficiencies in the approprla- March 3,1877. 

dona lor the fiscal year ending J une thirtieth, eighteen hundred and seven ty-seven, - 

sad prior years, and for other purposes. 

Be it enacted by the Senate and House of Representatives of the United 
States of America t» Congress assembled , That the following sums be, and P ro P n * UOM - 
they are hereby, appropriated, to supply deficiencies in the appropria¬ 
tions for the service of the Government for the fiscal year ending Jane 
thirtieth, eighteen hundred and seventy-seven, and for former years, and 
for other purposes, namely: 

*•*«••• 


* WAR DEPARTMENT. 

• * * * * * * 

OFFICE OF TUB QUARTKRMASTBR-GKNEKAL. 

• * * * * * * 

For payment of amounts certified to be due by the aocouuting-officers Bridge - trains, 
of the Treasury Department for bridge trains and equipage, being ade- 
ticiency for the fiscal year eighteen hundred and seventy-one, ana prior 
years, two hundred dollars. 

* »#*#** 


MISCELLANEOUS 

• * * * * * * 

For payment of amounts certified to he due by the accounting-officers Geographical 
of the Treasury Department for expense of military and geographical snrveys. 
surveys west of the Mississippi River, being a deficiency for the fiscal 
year eighteen hundred and seventy-three, twenty-two dollars and thirty 
cents. 


MISCELLANEOUS. 

* * • * * * * * 

And hereafter no contract shall be made for the rent of any building, Future leases 
or part of any bnildiug, to be used for the purposes of the Government {“ District of Co¬ 
in the District of Columbia, until an appropriation therefor shall have lumD 
been made in terms by Congress, and that this clause be regarded as 
notice to all contractors or lessors of any sueh building or any part of 
building. 

******* 
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Certain baton- • Sec. 2. That the following balances of appropriations, carried to the 
cee carried tosar- 8ur pi n9 f Qn d under the provisions of the fifth section of the act approved 
available/ m ° June twentieth, eighteen hundred and seventy-four, being required to 
1874, oh. 328, ^5, complete the service of the fiscal year eighteen hundred and seventy-four 
16 8tat, 110. and prior years, are hereby continued and rendered available for such 
. purpose, namely: 

**#*##* 
WAR DEPARTMENT. 

# ****** 

MILITARY AND GEOGRAPHICAL SURVEYS WEST OF THE MISSISSIPPI 

RIVER. 

Geographi cal For payment of amounts certified to be doe by the accounting-officers 
surveys. of the Treasury Department for expenses of military and geographical 

surveys west of the Mississippi River, being for the service of the fiscal 
year eighteen hnndred and seventy-three, ten dollars and fifty-six cents. 

******* 

Approved, March 3,1877. 


March 3,1877. CHAP. 112.—An act making appropriations for fortifications and for oth**r works of 

-- defense, and for the armament thereof, lor the fiscal year ending June 30,1878, and 

for other purposes. 

Appropria- Be it enabled by the Senate and Home of Representatives of the United 
tions. States of America in Congi'ess assembled , That the sum of one hundred 

thousand dollars be, and the same is hereby appropriated out of any 
money in the Treasury not otherwise appropriated, for the protection 
v * i _ _ preservation and repair of fortifications and other works of defense, for 
and Other works the fi8Cft l year ending June thirtieth eighteen hundred and seven*y- 
of defense. eight; the same to be expended under the direction of the Secretary of 
War; also, the following for armament of fortifications, namely: 
Armament of For the armament oi sea-coast fortifications, including heavy guns, 
sea-coast fortih- and howitzers for flank defense, carriages, projectiles, fuses, powder, and 
cations. , implements, their trial and proof, and all necessary expenses incident 

Machine guns, thereto, one hundred thousand dollars; and for Gatling or other machine 
guns, twenty-five thousand dollars. • 

Torpedoes for For torpedoes for harbor defenses, and preservation of the same, and 
harbor defenses, for torpedo experiments in their application to harbor and land defense, 
and for instruction of engineer battalion in their preparation and appli- 
Proviso. cation, fifty thousand dollars: Provided, That the money herein ap¬ 
propriated for torpedoes shall only be used in the establishment and 
maintenance of torpedoes to be operated from shore-stations for the 
destruction of an enemy’s vessel approaching the shore or entering 
the channel and fairways of harbors. 

Approved, March 3, 1877. 


o lftT7 [No. 6.] Joint resolution authorizing the President to designate and s$t apart a site 
c * for the colossal statue of “ Liberty enlightening the world,” and to provide for the 

permanent maintenance and preservation thereof. 


Preamble. 


Preamble. 


Statue of “Lib¬ 
erty enlightening 
the world” ac¬ 
cepted. 

Site for. 


Whereas, the President has communicated to Congress the informa¬ 
tion that citizens of the French Republic propose to commemorate the 
one hundredth anniversary of our independence by erecting at their 
own cost a colossal bronze statue of “ Liberty enlightening the world” 
upon a pedestal of suitable proportions to be bnilt by private subscrip¬ 
tion upon one of the islands belonging to the United States in the har¬ 
bor of New York, and 

Whereas it is proper to provide for the care and preservation of this 
grand monument of art and of the abiding friendship of our ancient 
ally: Therefore, 

Be it resolved by the Senante and Home of Representatives of the United 
States of America in Congress assembled. That the President of the United 
States be and he is hereby authorized and directed to accept the colos¬ 
sal statue of “ Liberty enlightening the world ” when presented by 
citizens of the French Republic, ana to designate and set apart fortbe 
erection thereof, a suitable site upon either Governors or Bedloes 
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Island, in the harbor of New York; and upon the completion thereof 

shall cause the same to be inaugurated with such ceremonies as will inauguration 

serve to testify the gratitude of our people for this expressive ami foil- of, 

citons memorial of the sympathy of the citizens of our sister Republic ; 

and he is hereby authorized to cause suitable regulations to be made for 

its future maintenance as a beacon, and for toe permanent care and 

preservation thereof as a monument of art, and the continued good 

will of the great nation, which aided us in our struggle for freedom. 

Approved, March 3,1877. 


[Xo. 8.] Joint resolution to appoint a commission to examine into the matter of con¬ 
tracts made by and between the United States and the Moline Water Power Com¬ 
pany as to the water power at Moline, Illinois, and to report to Congress as tu 
same. 

Whereas, the Moline Water Power Company, of Moline in the State of 
Illinois, complains that certain contracts made with said Company by 
the United States, through the Secretary of War, acting under the au¬ 
thority of Congress have not been carried out in good faith iu develop¬ 
ing and maintaining the water power at said town of Moline as required 
by said contracts, and that by reason of such failure said Company has 
sustained and is sustaining large damages, therefore, 

Resolved, by the Senate and House of Representatives of the United States 
of America in Congress assembled , That the Secretary of War be, and he Molina 

ia hereby, authorized and required to appoint a commission to consist Company c Z 
of three competent Civil Engineers, one of whom shall be the Chief of trai u. T ** 
Engineers of the United States Army, whose duty it shall be to examine 
into the subject matter of said contracts, made by and between the 
United States, as aforesaid, and the said Water Power Company, as to 
said water power, and the development and maintenance of the same, 
and to report to the Congress of the Congress of the United States at Report, 
its next session, what if anything is necessary to be done by the United 
States to carry out in good faith said contracts, and to relieve said 
Water Power Company from its alleged grievances. Said report to bo 
submitted through the Secretary of War, to the Congress of the United 
States at the commencement of its next session ; and to be directed to 
the Speaker of the House of Representatives. 

Approved, March 3, 1877. 


March 3,1877. 


Preamble. 


CmniDiAftiQji to 
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TO THE 

REPORT OF THE CHIEF OF ENGINEERS. 


APPENDIX A. 

ANNUAL REPORT OF LIEUTENANT-COLONEL GEORGE 
THOM, CORPS OF ENGINEERS, FOR THE FISCAL YEAR 
ENDING JUNE 30, 1877. 

United States Engineer Office, 

Portland , Me., July 7, 1877. 

General : I have the honor to transmit herewith my annual reports 
of operations for the fiscal year ending June 30, 1877, on the several 
river and harbor improvements under my charge in the States of 
Maine, New Hampshire, and Massachusetts. 

Very respectfully, your obedient servant, 

Geo. Thom, 

Lieut Col . of Engineers , Bet. Brig. Gen., U* 8, A. 
Brig. Gen. A. A. Humphreys, 

Chief of Engineers , U. S. A. 


A i. 


IMPROVEMENT OF SAINT CROIX RIVER, ABOVE THE ■■ LEDGE," 'MAINE, 


The following appropriations have been made by Congress for the 
improvement of this river, viz: 


By act approved March ! i , 1867... $15, 000 00 

By act approved March 3, 1873.. 10 , 000 00 

By act approved June 23,1874.. - 10,000 00 


Total 


36,000 00 


The act of March 2,18G7, contains the proviso that— 

The province of New Brunswick contribute and pay to the proper disbursing officer 
a like sum for said purpose, said payment being made on condition that in no event 
shall the province of New Brunswick be called npon for more than half the sum 
actually expended for said purpose. 

In July, 1873, information was received by the Department from the 
minister of public works of the Dominion of Cauada that $2o,0UU had 
been appropriated by Parliament— 

For the removal of slabs, sawdnst, and other obstructions in the Saint Croix River, 
which runs between the province of New Brunswick aud the State of Maine. 

An accnrate survey 7 was made in 1873, under my direction, of this 
river from the “Ledge 79 up to the toll-bridge between Calais and Saint 
Stephen’s, the head of navigation, and a project for the improvement 
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of this river, with an estimate of its cost, was submitted to both govern¬ 
ments. 

On referring to my estimate, submitted to the Department in a special 
report dated March 25, 1874, it is seen that about 235,000 cubic yards of 
slabs, edgings, &c., would have to be excavated in order to obtain a 
channel 200 feet wide and 9 feet deep at mean low-water (giving 29 feet 
at mean bigh-water) up to Todd’s Ledge, aud 100 feet wide, with same 
depth, thence up to the toll-bridge; the estimated cost of which now 
is $150,000. 

Now, as these deposits in the channel have been caused solely by the 
saw-mills at Calais, Saiut Stephen’s, and above, and as there does not 
appear to be any law or authority strong enough to prevent the contin¬ 
uance of this evil, it has been decided by the two governments (see cor¬ 
respondence accompanying my annual report for the fiscal yeacr ending 
June 30,1874) to suspend this improvement until they shall become 
satisfied that there will be no further deposition of the u waste” from the 
sawmills above, as otherwise there is no guarantee that the river, if 
uow improved, would remain in a state of efficiency, but would, instead, 
bo closed again aud require further expenditure. 

The attention of Congress is again respectfully asked to this matter, 
and to the necessity of some general law to protect from injury and 
obstructions all navigable waters under the control of the United States, 
and for the improvement of which Congress has already made or may 
hereafter see fit to make appropriations. 

This river tlirooghont itq whole extent forms a part of the international boundary, 
and that portion of it for which improvements are projected lies within the collection- 
district of Passaniaquoddy, the nearest port of entry being at Calais, Me. 

The light-house nearest thereto is at Dochet’s Island, in Saint Croix River, about 6 
miles below Calais, and the nearest fort is Fort Sullivan, at Eastport, Me., about 30 
miles below Calais. 

The following information in regard to the revenue and commerce of 
the port of Calais, for the year ending December 31, 1876, has been 
furnished by the United States deputy collector of customs, viz: 

Amount of revenue collected, about $14,000. 

Vessels arrived, 1,1*26 coastwise and 44 foreign ; vessels cleared, 1,100 coastwise and 
70 foreign. 

Vessels built, 5, aggregating 3,534.05 tons. 

Vessels owned and nailed from Calais, 93, aggregating 12,774 tons. 

Money statement. 


July 1,1876, amount available.....$34,185 58 

July 1,1877, amount expended during fiscal year. 185 58 

July 1,1877, amount available... 34,000 00 

Amount (estimated) required for completion of existing project. 40,000 00 


A 2. 


IMPROVEMENT OF MACHIAS RIVER, MAINE. 


The following appropriations have been made for the improvement of 
this river, viz: 


By act of Congress approved March 3,1873.$12,000 00 

By act of Congress approved June 23,1874. 10 ,000 00 

By aot of Congress approved March 3,1875. 10,000 00 


Total. 32 ,*000 00 
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The foregoing appropriations have been made on an estimate sub¬ 
mitted in my report of December 14, 1872, to the Department on the 
surrey of this river, made with a view to its improvement, which esti¬ 
mate is as follows, viz: 


1. Opening a channel from the draw-bridge up to Machias Falls, at the 

head of navigation, (a distance of about 3 miles,) so as to have a depth of 
6 feet at mean low-water (giving 19.3 feet at mean high-water) for a width 
of 150 feet, requiring the excavation, of 65,500 cubic yards of slabs, edg¬ 
ings, sawdust, &c., at 50 cents... 

2. Tne removal of Middle Rock, lying in front of the wharves at Machias, 

to a depth of 1 foot below the plane of mean low-water, reqniring 2,095 
cubic yards of excavation, at $5 per cubic yard. 

Adding for engineering expenses and other contingencies, say.. 


$32,750 00 

10,475 00 
4,775 00 


Total.. 48,000 00 

In the prosecution of this work it has been deemed advisable to 
modify the project first submitted (as above) by diminishing the pro¬ 
posed channel to a width of 100 feet, except at the bends, and not 
extending the excavation of Middle Rock to a greater depth than 
one-half a foot below the plane of mean low-water. By this modifica¬ 
tion the estimate has been reduced as follows, viz: 

1. The removal of Middle Rock, 1,350 cnbic yards, at $6.75 per cubic yard 

in win, the price contracted for under the appropriation of March 3,1873.. $9,112 50 

2. 17,840 cubic yards of dredging on shoal between the Middle Ground and 
Middle Rock above, together with a shoal next above draw-bridge, com¬ 
pleted in July, 1875, at 75 cents per cubic yard in situ, the price contracted 
for under the appropriation of June 23,1874, and with unexpended balance 


of former appropriation. 10,704 00 

3. 15,150 cubic yards of dredging at and near the Middle Ground, contracted 
for May 13,1875, by Mr. Augustus R. Wright, uuder the appropriation of 
March 3,1875, at 45 cents per cubic yard measured in situ , the same hav¬ 
ing been completed in November, 1876 . 6,817 50 

Labor, contingencies, Ax.*.. 5,366 00 


Total.. 32,000 00 

Which is the amount that has already been appropriated by Congress 
for this work. 

A s the shoals in this river have been caused chiefly by slabs, edgings, 
and sawdust, thrown into the river from the saw-mills at and above 
Machias Falls, they will of coarse continue to be formed so long as the 
mills shall be permitted, as at present, to throw their “ waste v into the 
river; so that the improvement of the shoals now completed will prob¬ 
ably be only temporary in its efficiency. But, if otherwise, it is believed 
that their improvement will fully answer the wants of the commerce of 
this river. 

It is therefore recommended that no further appropriation be made 
for this WQrk. 

It is respectfully recommended that the attention of Congress be called 
to this matter, as well as to that of the Saint Croix River, with a view 
to protecting from injury and obstruction, by suitable legislation, these 
and all other navigable waters under the control of the United States, 
for the improvement of which appropriations have been or hereafter 
may be made bv the United States Government. 

The town of Machias, where the above-described improvements have been made, is 
situated at the head of navigation of Machias River, about 6 miles above Machias- 
port, at its mouth. 

The nearest light-house is on Avery’s Rock, at the head of Machias Bay, about 4 
miles below Macniasport. 
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The following information in regar^to the commerce and revenue of 
the port of Machias, for the year ending December 31, 1876, has been 
famished by the collector of customs at that place, viz: 


Value of imports. $415 00 

Value of exports.......$102,455 00 

Number of arrivals from foreign ports. 12 

Number of departures for foreign ports.‘. 174 

Number of arrivals from domestic ports. 120 

Number of departures for domestic ports. 2 

Revenue collected from all sources... $3,096 00 


under license that did not report at the custom-house. 

Number of vessels built during the year. 10 

Of a total tonnage of. 4,033.61 

Money statement. 

July 1, 1876, amount available. $9,350 50 

July 1,1877, amount expended during fiscal year. 9,350 50 


A 3- 

IMPROVEMENT OF PENOBSCOT RIVER, MAINE. 

The work that has been projected for the improvement of this river 
consists— 

1. In straightening and widening its channel through the several 
shoals and bars at Bangor, and below for a distance of three and a half 
miles, so as to have a width of not less than 200 feet and a depth of not 
less than lj. feet at low-water (or 25 feet at high-water) in the lowest 
stages of the river, giving about 14 feet of water at low-water in its 
ordinary stages. 

2. In breaking up and removing all the sunken rocks in the harbor of 
Bangor down to the level of the general bed of the river near them, in¬ 
cluding Independence Bock, Gulliver’s Rock, the ledge near steamboat- 
wharf, and those near Dole’s planing-mill wharf; also Green’s Pier and 
Green’s Pier Ledge, and a ledge outside of it. 

The following appropriations have been made by Congress to date for 
the improvement of this river, viz : 


By act approved July 11,1870. $15,000 00 

By act approved March 3, 1871. 50,000 00 

By act approved June 10, 1872 . 40,000 00 

By act approved March 3, 1873. 20,000 00 

By act approved June 23, 1874 . 20,000 00 

By act approved March 3,1875, which provides that $10,000 of this amount 
shall be expended at or near Bucksport Narrows, for which no project or 

estimate had been made. 25,000 00 

By act approved August 14, 1876, which provides that $4,000 of the 
amount shall be expended at or near the “ Narrows” of said river at 
Bucksport.'. 10,000 00 

Total. 180,000 00 


Of which amount, $14,000 is chargeable to improvements at or near Bucksport Nar¬ 
rows, (not estimated for,) leaving only $166,000 available for the improvement of the 
river at and near Bangor, (above Hampden,) for which estimates have been submitted, 
amounting (as shown m the last annual report) to $172,000, leaving still necessary to be 
appropriated for completing all the works projected for the improvement of this river 
at and near Bangor, $6,000. 
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Of the total amount appropriated as above, (to wit $180,000,) there 
had been expended, on the 1st July, 1876— 


For improving the river at and near Bangor.$114,9.")5 72 

And at and near Bucksport the pom of. 10,000 00 

Leaving, then, available for improvements at and near Baugor. 45,044 26 


The progress made in the improvement of this river, up to the 1st of 
July, 1876, was as follows: 

I. AT AND NEAR BANGOR. 

Independence Rock, Gulliver’s Rock, and the ledges near steamboat 
# wharf, near Dole’s planing mill wharf, and near (outside) Green’s Pier, 
were all eutirely removed; and the removal of Green’s Pier and Green’s 
Pier Ledge, (containing 466 cubic yards,) nearly completed, only about 
120 cubic yards of the ledge remaining to bo removed. 

Under an unfinished contract, made May 27, 1870, with Mr. A* 
Boschk£, about 20,000 cubic yards of dredging was done in 1870-’71 at 
the first and second bars near Bangor. Under a contract, made May 
31, 1873, with Messrs. Curtis, Fobes & Co., of Portland, Me., about 
25,000 cubic yards of dredging was done, whereby the channels at bars 
Nos. 2 and 3 were opened to the projected width and depth, and a shoal 
near Green’s Pier was removed. Under a contract, made August 29, 
1874, with Messrs. Curtis, Fobes & Co. for 25,000 cubic yards, more or 
less, of dredging in Bangor Harbor, 8,222 cubic yards of the dredging 
was done; and a contract had been made with Mr. Augustus R. Wright, 
of Geneva, X Y., for 40,000 cubic yards, more or less, of dredging in 
Bangor Harbor, at 50 cents per cubic yard, measured in situ . 

During the fiscal year ending June 30, 1877, the following additional 
work has been done, to wit: 

The removal of Green’s Pier Ledge was completed early in August, 
1876, by Mr. George A. Bailey, under his contract of June 21,1873. 
Under the contract made August 24, 1874, with Messrs. Curtis, Fobes 
& Co., 12,468 cubic yards of additional dredging was done in Bangor 
Harbor, making a total of 20,690 cubic yards on the completion of that 
contract in November, 1876. Under the contract made May 13,1875, 
with Mr. Augustus R. Wright, for 40,000 cubic yards, more or less, of 
dredging in Bangor Harbor, he commenced operations on the 17th of 
July, and continued them until the 15th of November, when, on account 
of freshets and ice, they were suspended until the 24th of May, when 
they were resumed for the season. Up to the 1st of July, 1877, about 
21,000 cubic yards of dredging has been done, leaving about 18,000 
cubic yards yet to be done under this contract, in total completion of 
all the projected dredging; which, it is probable, will be done the pres¬ 
ent season. 

In the dredging operations of 1875 and 1876, several sunken ledges 
were discovered in and near the new channel at Bangor, to excavate 
which to the same depth as that of the channel, (viz, 11 feet below the 
plane of low-water in the lowest stages of the river,) will require the 
breaking up and removal of about 222 cubic yards of ledge above that 
plane, the estimated cost of which is $12,000. 

The unexpended balance of the appropriation of March 3, 1875, (viz, 
$13,209.30,) it is believed will complete all the projected dredging under 
the contract made May 13, 1875, vith Mr. Wright. So that the only 
work that now remains to be done for completing the improvement of this 
river at and near Bangor is the removal of the sunken ledges recently 
discovered in and near the new channel at Bangor. 
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Under the appropriation of $6,000 made by act of August 14,1876, 
now available lor the improvement of this river at and near Bangor, a 
contract, dated May 29, 1877, was made with Mr. Gardner Floyd, of 
Portland, Me., for the removal of 140 cubic yards, more or less, of the 
sunken ledge, the same to be completed on or before the 20th of No¬ 
vember, 1877; leaving about 82 cubic yards to be removed hereafter, 
should an appropriation be made therefor by Congress. 

II. AT AND NEAR BUCKSPORT NARROWS. 

By the act of March 3,1875, making an appropriation of $25,000 for the 
improvement of Penobscot River, it was provided that $10,000 of it 
should be expended “ at or near Bucksport Narrows,” 18 miles below 
Bangor. This appropriation was applied to the partial removal of the 
shoal known as the Middle Ground, in front of the town of Bucksport. 
This shoal had in some places but 4 feet of water at mean low-water, 
and was a serious obstruction to navigation. Under a contract*made 
July 16,1875, with Messrs. Curtis, Fobes & Co., of Portland, Me., the 
lowest of two bidders, the upper portion of this shoal was removed in 
1875 to a depth of 12 feet at mean low-water, or 22.3 feet at ordinary 
high-water. 

Under the act of August 14, 1876, by which an additional sum of 
$4,000 is to be applied to the improvement of the river “at or near the 
Narrows” at Bucksport, a contract, dated June 1, 1877, has been made 
with Mr. Augustus R. Wright for 12,000 cubic yards, more or less, of 
dredging on the remaining part of the Middle Ground, so as to have a 
depth of not less than 8 feet at mean low-water, the work to be com¬ 
pleted not later than the 30th day of November, 1877. 

The following information in regard to the revenue and commerce of 
the port of Bangor, for the year ending December 31, 1876, has been 
furnished by the United States collector of customs at that place, viz: 


Amount of revenue colleoted. $6,070 00 

Amount of imports. 10,108 00 

Amount of exports.. 141,904 00 

Number of arrivals of vessels about 2,500; departures the same. 

Arrivals of foreign vessels from foreign ports. 17 

Clearances of foreign vessels for foreign ports... 17 

Arrivals of American vessels from foreign ports. 12 

Clearances of American vessels for foreign ports. 42 

Number of vessels built.-. 3 

Aggregate tonnage....711 


Abstracts of proposals received and contracts made duriug the past 
year are hereto appeuded. 


Money statement . 


July 1, 1876, amount available.$45,044 28 

Arnouut appropriated by act approved August 14, 1876. 10,000 00 

-$55,044 28 

July 1, 1877, amount expended dnring fiscal year. 31,834 98 

July 1, 1877, outstanding liabilities. 925 00 

- 32,759 98 


July 1, 1877, amount available. 22,284 30 


Amount (estimated) required for completion of existing prcrject. 6,000 00 

Amount that can be protitably expended iu lineal year ending June 30,1879. 6,000 00 
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Abstract of proposals received May 26, 1877, for improvement of Fenobecot Fiver, Maine. 



Bidders. 


Nature and location of 
work. 


fc’S 

!i 

* 


? 

Remarks. . 


9 

3 


Gardner Floyd, Portland, Me.I 

George W.Townsend, Boston, Maw>l 
Augustus It W rig lit, Portland, Me 


1 Bock-excavation in the 
£ harbor of Bangor, Me. 
Dredging at Buck sport, Me 


$39 75 
40 00 | 


l A« measured in its 
5 bed. 

As measured in the 
scows. 


Abstract of contracts made during the fiscal gear ending June 30,1877, for the improvement 
of Penobscot River , Maine. 


a 1 



a 


§ . 



*•6 


SI 1 

Contractors. 

Nature and location of 
work. 

ll 

Ss 

Remarks. 

| 

i 


u-3 ] 

CU 1 



IO« I. I I 

May 99 ' Gardner Floyd, Portland, Me_ 

I 

June 1 j Augustus R. Wright, Portland, Mo 


Rock-exoavations in the 
lisrbor of Bangor; 140 
eubie yards, more or 
less. 

Dredging at Boekaport, 
Me.; 19.000 eubio yards, 
more or less. 


$39 75 

30 


As measured in its 
bed. 


As measured in the 
scows. 


A 4* 

IMPROVEMENT OF BELFAST HARBOR, MAINE. 


In compliance with the act of Congress approved March 3, 1875, 
“ making appropriations for the repair, preservation, and completion of 
certain public works on rivers and harbors, and for other purposes,” a 
survey of this harbor was made under my direction iu July and August, 
1875, with a view to its improvement, the report on which accompanies 
niy annual report, in which the following Biots are stated, viz: 

1. That the harbor itself is well protected from all winds except those 
from the southeast; and that to render it safe from these also would re¬ 
quire the construction of a breakwater or breakwaters between McGil- 
very’s ship-yard and Patterson’s Point, a distance of about half a mile. 

2. That there is a shoal on the west side of the harbor, which extends 
from McGil very’s ship yard up to the ledge in front of Lane’s wharf, a 
distance of abont five-eighths of a mile. This shoal lies in front of the 
Boston, Portland, and Bangor steamboat wharves, and iu places has bnt 
6 feet of water over it at mean low-water, thereby being a serious ob¬ 
struction to that part of the harbor. 

3. That there is an extensive sunken ledge, which projects 160 feet 
into the harbor iu frout of Lane’s wharf, having over its shoalest part 
but 3.4 feet of water at mean low-w'ater, or 13.1 feet at ordinary high- 
water, the mean rise and fall of the tides being 9.7 feet. This ledge is 
about one-third of a mile below the bridge at the head of the harbor, and, 
projecting into the harbor, as it does, it necessarily endangers vessels 
lyiug or moving near it. 

To so-improve this harbor as to aiford a safe anchorage for shippiug 
in all storms, and so that it shall have a suitable depth for the steamers 
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and vessels that touch and lie there in all stages of the tide, would re¬ 
quire the following work to be done, viz: 

A. The construction of a riprap stone breakwater or breakwaters 
between McGilvery’s ship-yard and Patterson’s Point. The plan now 
proposed for this work consists in building one breakwater out from 
McGilvery’s wharf in a direction nearly northeast, for a length of 1,500 
feet, and a second one out from Patterson’s Point (on the easterly side 
of the harbor) in a direction nearly south-southwest for a distance of 900 
feet, thereby leaving an entrance 800 feet in width. By this arrange¬ 
ment the effect of the southeast gales would be very limited in force and 
extent, and would be felt on the easterly side only of the harbor, which 
is not used for anchorage-ground. This work would require about 
200,000 tons of stone, the\estimated cost of which (including engineer¬ 
ing and other incidental expenses) is $310,000. 

B. The excavation by dredging of the shoal between McGilvery’s ship¬ 
yard and the ledge, to a depth of 12 feet at mean low-water, which 
would require about 115,000 cubic yards of dredging, the estimated cost 
of which (including contingencies) is $25,000. 

O. The removal of the sunken ledge in front of Lane’s wharf, outside 
of the proposed line, as shown on the accompanying drawing, to a depth 
of 7 feet at mean low-water, which would require the removal of about 
420 cubic yards of ledge, at an estimated cost of $12,000. To excavate 
this ledge to a greater depth, and over a more extended area, would in¬ 
volve a greater expense than would be justified by the benefits gained. 

In consideration, also, of the great cost of the breakwaters on the 
plan proposed, it might be deemed advisable to build only the one ex¬ 
tending out from the westerly shore, the estimated cost of which (in¬ 
cluding engineering and other incidental expenses) is $195,000, but this 
would give only a partial protection to the harbor, much better, how¬ 
ever, than none. 

The extent to which the commerce of tile country would be promoted 
by the improvement of this harbor, as now proposed, is stated in the 
accompanying letter from the United States deputy collector of customs 
at that port. 

RECAPITULATION OF ESTIMATES. 

For breakwater between McGilvery’s ship-yard and Patterson’s Point_$310,000 00 

For removal of shoal above ship-yard. 25,000 00 

For removal of sunken ledge to a depth of 7 feet below mean low-water, say 12,000 00 


Total. 347,000 00 

By the act of Congress approved August 14,1876, “ making appro¬ 
priations for the construction, repair, preservation, and completion of 
certain public works on rivers and harbors, and for other purposes,” the 
sum of $ t 5,000 was appropriated for the improvement of this harbor. 
Information from the Chief of Engineers was received in Department 
letter of May 1,1877, that the expenditure of this amount had been 
authorized by the Secretary of War. Owing to the small amount appro¬ 
priated it has been deemed advisable to apply it to the partial removal 
of the sunken ledge abreast of Lane’s wharf, to a depth of 7 feet at mean 
low-water, over so much of its area as the amount available will allow. 
Proposals were invited for this work, and in response thereto three bids 
were received, as stated in the accompanying abstract of the same, the 
lowest of which being that of Mr. James M. Andrews, of Biddeford, Me., 
at $20 per cubic yard as measured in its bed, with whom a contract 
has been made for completing the work on or before the 20th of Novem¬ 
ber, 1877. 
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For completing tbe removal of this ledge and the shoals below to the 
projected depth will require an additional appropriation of 83O ? 0UO f 
which can be profitably expended during the next fiscal year. 

The following named papers are hereto appended, viz: 

1. Abstract of proposals received. 

2. Attract of coutracts made. 7 

3. Copy of letter from Uuited States deputy collector of customs. 


Money statement 


Amount appropriated by act approved August 14, 1876. $5, 000 00 

July 1, 1877, amount expended during fiscal year. 0 00 

July 1, 1877, amount available. 4. MM (JO 

Amount (estimated) required for completion of existing project. 342,000 00 

Amount that can be profitably expended in fiscal year ending June 30,1879. 30, 000 00 


Abstract of proposals received May 26, 1877,/or the impi'ovemeni of Belfast Harbur , Maine. 



A r 
63 

fc- 


Bidders. 


Nature and location of 
work. 


P 

if 


Remark-. 


"u-a 


1 James M. Andrews, Bit*deford, Me 1 For removing sunken 

2 Gardner Floyd, Portland, Me.I lodge off Laue’s wharf, 

3 Isaac Hamilton, Portlaud, Me. j Belfast Harbor, Maine. 


*36 50 ! £ A8 moa * aTy!, l in * t8 
39 00 j ) bed * 


Abstract of contracts made during the fiscal year ending June 30,1877, for the improvement 

of Belfast Harbor , Maine. 


Date of con* 
track 



o 

1 . 


Contractor. 

Nature and location of work. 

Prioe per 
yard 

ReinarLn. 

Jane 23,1377 j 

James M. Andrews, 
Biddeford, Me. 

For removing sunken ledge off Lane’s 
wharf, Belfast Harbor, Maine. 

$30 00 

As measured 
in it* bed. 


COMMERCIAL STATISTICS. 

Custom-House, Belfast, Me., 

Collectors Office, June 12, 1877. 

Sir: Your letter of yesterday was duly received at this office, and in answer to your 
first question 1 respectfully state that upon merchandise entered aud landed at this 
port, in the year ending December 31, 1876, there were collected duties amounting to 
$8,015.10. (Duties collected on goods landed at other ports in this district arc not in¬ 
cluded in this statement.) 

In answer to your second inquiry^ I will say that oar export records show but $3,008 
in value exported from this port iu 1876; our imports, m value, for the same ti me, 
being $28,158.14; our imports consisted principally or gypsum and molasses, beiug 
1,540 tons of gypsom and 117,755 gallons of molasses. 

Id auswer to your third and last inquiry, 1 must say that but two vessels were built 
at this port in 1876, aggregating 2,131.64 tons. That, however, from certain causes, 
was not the usual amount of ship-building annually done here. 

There were, in 1876, 16 foreign arrivals to this port, and the same number of foreign 
clearances. 

We have no date at this office from which to give the number of coastwise arrivals, 
as the most of onr coasting-trade is such as requires no report to be made here of arri¬ 
vals or clearances, but parties who are engaged largely in that business estimate from 
6 to 10 arrivals daily through the most of the year. 

Very respectfully, 

Marshall Davis, 

Special Deputy Collector* 

General George Thom, 

Corps of Engineers C. S. A. 
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A S* 

IMPROVEMENT OF THE KENNEBEC RIVER, MAINE. 

Tbe following appropriations have been made by Congress for the 
improvement of this river, vi&: 


By act approved June 23, 1866.. $20,000 00 

By act approved March 2, 1867 . 30,000 00 

Allotted under act approved April 10, 1869 . 15,00000 

By act approved July 11, 1870. 15,000 00 

By act approved March 3, 1871. 15,000 00 

By act approved June 10, 1872. 8,000 00 

By act approved March 3, 1873 . 12,000 00 

By act approved J une 23, 1874.1.. 12,000 00 

By act approved March 3, 1875. 15,000 00 


Total. 142,000 00 


All the improvements projected for this river above Richmond, Me., 
were completed prior to June 30,1874, as described in my annual report 
for the fiscal year ending that date, whereby a safe and unobstructed 
channel not less than 100 feet in width aud 10 feet in depth at mean 
low-water, or 15£ feet at mean high-water in its low summer stages, 
had been completed from Richmond up to Gardiner, a distance of 11 
miles; and thence to Augusta, a distance of 7 miles, a channel 100 feet 
in width and not less than 6£ feet in depth at low-water, or 11 feet at 
high-water, in its lowest summer stages. This improvement included 
the removal of a very dangerous ledge known as Nehumkeg Rock (be¬ 
tween Richmoud and Gardiner) to a depth of 12 feet below mean low- 
water; and, below Richmond, Half-Tide Rock and . three other sunken 
ledges have been removed from the channel at “The Narrows, 77 whereby 
all the work contemplated for the improvement of this river has been 
completed with the exception of the removal of Dry Rock in “The 
Narrows.’ 7 

On the 6th of May, 1875, a contract was made with Mr. Isaac Hamil¬ 
ton, of Portland, Me., the lowest of five bidders, for removing Dry Rock 
(containing about 1,775 cubic yards) at $15 per cubic yard, as measured 
in its bed, so as to have over it a depth of 12 feet at mean low-water. 
Work was commenced under this contract on tbe 2d of June, 1875, and 
was continued up to the 20th of November, 1875, (when it was sus¬ 
pended on account of freshets and ice,) and again resumed on the 2d of 
June, 1876, and continued up to the 8th of November, 1876, when about 
1,100 cubic yards had been removed. It was then again suspended for 
the winter on account of freshets aud ice, and was resumed on the 30th 
of May, 1877. Dp to July 1,1877,about 1,230cubic yardswere removed 
to the required depth, leaving only 545 cubic yards to be removed. This 
work will probably be completed not later than the 1st of October, 1877. 

The funds now available are sufficient for completing this, the only 
remaining work to be done, so that no further appropriations will be 
needed. 

Thepe improvements, as above described, are located in tbe collection-district of 
Bath, Me., in which Bath (30 miles below Augusta) is the only port of entry. 

Fort Popbam is at the mouth of Kennebec River, abont 45 miles below Augusta, and 
the United States “ Kennebec Arsenal ” is located at Angnsta. 

Seguin and Pond Island light-houses are near the mouth of Kennebec River. 

The following information in regard to the commerce and revenue of 
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the port of Bath, for the year ending December 31, 1876, has been fur¬ 
nished by the United States collector of customs at that port: 


Amount of revenue collected.1. $15,636 57 

Value of exports. $155,767 00 

Value of imports. $39,948 00 

Arrivals of vessels from foreign ports. 10 

Arrivals of vessels coastwise. 2,512 

Departures of vessels for foreign ports. 19 

Departures of vessels coastwise.. 2,546 

Number of vessels built in tbe district. 46 

Aggregate tonnage of same... 31,923 67 


Money statement. 


July 1, 1876, amonnt available. $27,815 33 

July 1,1877, amount expended dnring fiscal year.$11,125 77 

July 1,1877, outstanding liabilities. . 7,200 00 

- 18,325 77 


July 1,1877, amount available. 9,489 56 


A 6. 

IMPROVEMENT OF PORTLAND HARBOR, MAINE. 

The following appropriations have been made by Congress for the 
improvement of this harbor, viz : 


By act approved June 23,1866. $105. Ill 05 

By act approved July 11, 1870 . 10,000 00 

By act approved March 3, 1871. 40,000 00 

By act approved June 10, 1872. 45,000 00 

By act approved March 3,1873. 50,000 00 

By act approved June 23, 1874. 20,000 00 

By act approved March 3, 1875 . 20,000 00 


Total. 290, 111 05 

Amount expended up to July 1, 1876 .$245,542 07 

Amount expended during the fiscal year ending June 30, 1877. 1,638 88 

- 247,180 95 

Amount available July 1,1877 .1. 42,930 10 


Up to the 1st of July, 1876, the following work had been done for the 
improvement of this harbor, viz: 

1. The breakwater extended for a length of 217 feet, and a granite 
pier built at its outer extremity, and 950 linear feet of capping placed 
upon the breakwater, in completion of same. 

2. A chanuel dredged through the Middle Ground Bar to a width of 
500 feet and to a depth of 21 to 22 feet at mean low-water, or 31 feet at 
ordinary high-water. 

3. A channel dredged through the u spit ” in front of the Grand Trunk 
Railway wharves to a width of 100 feet at its inner end and 200 feet at 
its outer end, and to a depth of 20 feet at mean low-water. 

4. A chanuel dredged in Back Bay from Tukey’s bridge up to the 
“stone-shed wharves” to a width of 100 feet and a depth of 8 feet at 
mean low-water. 

5. A snnken wreck removed from the main ship-channel between 
Forts Preble and Scammel. 

6. The foundation of the oldest portion of the breakwater repaired 
throughout its whole extent where necessary. 
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7. All the projected dredgiug in front of the Grand Trunk Railway 
wharves has been completed to a depth of 20 feet at mean low-water, 
and all that in front of the harbor-commissioners’ line, from Atlantic 
wharf up to Merrill’s wharf, to a depth of about 16 feet at mean low- 
water. 

8. Deepening the dock at Custom-House wharf by 2,932 cubic yards of 
dredging, the same having been authorized by the Department upon 
the request of the honorable Secretary of the Treasury. 

All the work that has been projected lor the improvement of this 
harbor has been completed, with the exception of the dredging outside 
the harbor-commissioners’ liue above Merrill’s wharf, for the completion 
of which the funds now available are sufficient, so that no further appro¬ 
priation is needed for this harbor. 

In regard to the dredging that remains to be done above Merrill’s 
wharf outside the harbor-commissioners’ line, it has been decided to 
defer the work until Browu’s, Boston and Maine, (formerly Smith’s,) 
Hobson’s, aud other wharves which project beyond the harbor-commis¬ 
sioners’ line shall have been cut off up to that line, for the reason that 
this work of improving the harbor in front of that line was initiated and 
recommended, aud all the appropriations made therefor in 1873, 1874, 
and 1875, aggregating $90,000, have been asked for with the under¬ 
standing that those projecting wharves should first be removed in order 
to make the contemplated improvement effective and lasting; for so long 
as those wharves are permitted to project outside the harbor-commis* 
siouers’ line, so long will the eddies aud shoals continue to exist above 
and below those wharves. 


The above-described works are situated iu the collection-district of Portland and 
Falmouth, Me. 


The following information in regard to the commerce and revenue of 
the port of Portland aud Falmouth for the year ending December 31, 
1876, has been furnished by the United States collector of customs at 
that port: 

Amount of revenue collected. $3*21,994 49 

Araouotof imports. 14,963,745 00 

Amount of exports. 18,162,505 00 

Number. Tods. Crew. 

Arrivals of vessels...... 1,089 815,126 18,658 

Clearances of vessels... 1,184 893,999 20,028 


Number of vessels built in the district... 20 

Aggregate tonnage of same...9,590 


Money statement . 


July 1, 1876, amouut available. $44,568 98 

July 1,1877, amouut expended during fiscal year. 1,638 88 

July 1,1877, amount available. 42,930 10 


A 7. 

IMPROVEMENT OF RICHMOND’S ISLAND, MAINE. 


This work consists in making a harbor of refuge by means of a stone 
breakwater connecting the island with the main land, the length of the 
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breakwater to be about 2,000 feet, with an average thickness of 30 feet 
and a height of 13 feet above mean low-water. 

In my report to the Department, dated May 10,1867, the following 
estimate of tfie cost of this breakwater was submitted : 


68,000 tons of rabble-stone, at $1.25.^... $85,000 00 

Adding 10 per cent, for contingencies.*„. 8,500 00 

Total. 93,500 00 


A capping for this work was not then estimated for, on account of 
the great increase of cost, but, as then stated, should it hereafter be 
found necessary in order to resist the action of the sea, which is not 
probable, it can then be added. 

The following appropriations have been made by Congress for this 
work, viz: 


By act approved June 10, 1872 . $20,000 00 

By act approved March 3, 1873. 60,000 00 

By act approved March 3, 1875. 15/000 OO 


Total. 95,000 00 


Under these appropriations five separate contracts have been made 
from time to time (as specified in the annual report for the fiscal year 
ending Jane 30, 1876) for furnishing stone for this breakwater, by 
which 58,000 tons have been furnished and placed npon the work. To 
finish it as originally projected will require about 10,000 tons more, the 
estimated cost of which, including contingencies, is $15,000, thereby 
making the total cost of the work completed $110,000, which is $16,500 
in excess of the original estimate. This excess is owing to the greater 
cost of the stone than was originally estimated, the quantity being the 
same. 


Money statement 

Amonnfc (estimated) required for completion of existing project.$15,000 00 

Amouut that can be profitably expended in fiscal year ending Juno 30,1879. 15,000 00 


A 8. 


IMPROVEMENT OF KENNEBUNK RIVER, MAINE. 


By an act of Congress approved July 11, 1870, the sum of $5,000 was 
appropriated for the improvement of this river. No report or estimate 
had previously been made upon which this appropriation was based. 
But an investigation showed, as stated in my report to the Department 
dated August 16, 1870, that about seventeen years previously stone 
piers had been built on each side of the river, at its mouth, for the 
pnrpose of improving the course and depth of the channel at the 
entrance into the river; that ou the outer end of the eastern pier a 
wooden light-house had been built, aud was afterward destroyed by 
storms; and that a wharf had been built on the left (eastern) shore of 
the river about one-eighth of a mile above its mouth for the security of 
vessels while awaiting tides and storms. It was also ascertained that 
the wings or returns connecting these stone piers with the banks, 
which were bmlt of timber, had been destroyed by storms, and that 
the Government wharf was also much in want of repairs, but that the 
most necessary work to be done under the appropriation was the 
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rebuilding of the eastern wing with stone, so as to prevent the flow of t 
sand from the outside into the channel of the river. This wing was ' 
completed December 15,1870, for a length of 168 feet under a contract 
made October 12, 1870, with Messrs. Albert Blaisdell and Joseph 8. 
Bailey, of Portland, Me., for the sum of $21.35 per linear foot. Under 
the same appropriation some repairs were made on the main eastern 
pier as well as upon the Government wharf. 

With a view to repairing the western stone pier and rebuilding with 
stone the wing connecting it with the shore, the estimated cost of which 
was $5,000, an additional appropriation was made therefor by act of 
Congress approved March 3,1871. Under this appropriation the west¬ 
ern wing was completed in August, 1871, for a length of 166J feet, 
under a contract made May 5, 1871, with Mr. Charles H. Bragdon, of 
Biddeford, Me., for $18.62 per linear foot. Under the same appropri¬ 
ation, the much-needed repairs were made, with hired labor, upon both 
stone piers and upon the Government wharf above, which were entirely 
completed in August, 1872, whereby the appropriations for this river 
were exhausted. 

By an act of Congress approved June 23, 1874, a survey of this river 
was called for, with a view to its further improvement. A report on 
this survey, dated December 2, 1874, accompanied my annual report for 
the year ending June 30, 1875, in which an estimate of $5,000 was sub¬ 
mitted for the improvement of this river from its mouth up to the draw¬ 
bridge at Kennebunkport, a distance of 1| miles, for items as follows, 
viz: 


1. Removal of 4,200 cubic yards of mud and clay at Mitchell's Point, at 75 

cents per cubic yard..$3,150 00 

2. Removal of 1,300 cubic yards of sand, sods, and logs at the “ Wading 

Place,” at $1 per cubic yard. 1,300 00 

Contingencies, say. 550 00 


Total. 5,000 00 


By the river and harbor act of August 14,1876, the sum of $5,000 
was appropriated for this work, which became available therefor under 
authority contained in Department letter of May 1, 1877. Proposals 
were at once invited for the projected dredging in this river, in response 
to which two bids w ere received, as stated in the accompanying abstract 
of same, and a contract was made with Messrs. George C. Fobes & 
Co., of Portland, Me., the lowest bidder, at 50 cents per cubic yard, the 
same to be completed on or before the 30th of September, 1877. 

This river lies within the collection-district of Kennebunk, of which Kennebauk is 
the port of entry. 

The following information as to the revenue and commerce of the port 
of Kennebunk, Me., for the year ending December 31, 1876, has been 
furnished by the Uuited States collector of customs at that place, viz: 

Amount of revenue collected, $1,618.89. Number of arrivals and departures of 
foreign and domestic vessels estimated at 150. Number of vessels built, 10, with an 
a 8S re K ate otnuage of 7,068.51, the largest of which measured 2,117.41. At the present 
time some 10 vessels are being built. 

Abstracts of proposals received and contracts made during the past 
year are hereto appended. 


Money statement . 


Amount appropriated by act approved August 14, 1876.$5,000 00 

July 1,1877, ainouut expended during fiocal year. 8 00 


July 1, 1877, amount available 


Digitized by 


. 4,992 00 

Google 









APPENDIX A. 167 

Abstract of proposals received May 26,1877, for improvement of Kennebunk River r Maine. 


Number# for ref¬ 
erence. 

i 

1 

Bidders. 

Nature and location of work. j 

Price per cubic 
yard. 

R» fuat kti. 

1 

George C. Fobes & Co., 
Portland, Me. 

\ Dredging at Wading Place and Mitchell’s ( 

1 #> so 

f As measured 
t in the scows. 

9 

1 

Augustus R. Wright, 
Portland, Me. 

| Point Shoal, 5,000 cubic yards, more or less. j 

i " 


Abstract of contracts made during the fiscal year ending June 30, 1877, for the improvement 
of Kennebunk River , Maine . 


Date of con¬ 
tract. 

Contractors. 

Nature and location of work. 

Price per cubic 
yard. 

Remarks. 

June 7,1877 

1 

George C. Fobee & Co., 
Portland, Me. 

Dredging at Wading Place and Mitch¬ 
ell’s Point Shoal, 5,000 cubic yards, 
more or less. 

|0 50 

As measured 
in the K'uwa, 


A 9. 


IMPROVEMENT OF COCHECO RIVER, NEW HAMPSHIRE. 

This river, in its lowest summer stage, is navigable with 6 feet of water 
at mean low-water, or 13£ feet at ordinary high-water from the harbor 
of Portsmouth, N. H., up to the Lower Narrows, which place is about 10 
miles above Portsmouth, and 1£ miles below the bridge at the head of 
navigation in Dover, N. H. At the Lower Narrows and above, its nav* 
igation has hitherto been much obstructed by ledges, bowlders, and 
shoals, having only from six inches to 2 feet of water over them at mean 
low-water. The average rise and fall of the tide is 6/^ feet at the Lower 
Narrows, and less above. 

The project for the improvement of this river consists in making a 
channel not less than 40 feet in width and 4 feet in depth at mean low- 
water, from the foot of the Lower Narrows up to the Packet Lauding, 
the total estimated cost of which, as now revised, is $90,000. 

The following appropriations have been made therefor by Congress, 
viz: 


By act approved March 3,1871. $10, 000 00 

By act approved June 10,1872. 10, 000 00 

By act approved March 3, 1873 . 10, 000 00 

By act approved June 23, 1874. 10, 000 00 

By act approved March 3, 1875. 25,000 00 

By act approved August 14, 1876. 14, 000 00 


Total 


79.000 00 


Under these several appropriations, contracts have been made from 
time to time as specified in my last annual report, whereby the follow¬ 
ing progress has been made up to this date, viz : 

1. The channel has been opened through the ledge at the Upper Nar- 
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rows, for a length of 430 feet, and to a width of 40 feet, and a depth of 
4 feet at mean low-water, requiring 1,255 cubic yards of rock excava¬ 
tion. 

2. The channel has been opened through the ledge and shoal next 
above the Upper Narrows, for a length of 260 feet, and to a width of 
40 feet, and a depth of 4 feet at mean low-water, requiring 1,103 cubic 
yards of excavation of ledge, bowlders, clay, &c. 

3. The channel has been opened by dredging from Gulf Shoal up to 
the Packet Landing, in places where necessary, to the same width aud 
depth as at the Upper Narrows, requiring 7,108 cubic yards of dredg¬ 
ing for its accomplishment. 

4. The channel has been nearly completed at and near the Lower 
Narrows, by the removal of about 600 cubic yards of sunken ledge 
and bowlders; and numerous scattered bowlders which were dangerous 
obstructions to navigation have been removed from the channel at 
Trickey’s Shoal, and Clement’s Point Shoal above ; a portion of which 
have been removed during the past year, by employing a submarine 
party provided with vessel and crew, steam-drill, and hoisting ma¬ 
chinery. 

Under the appropriation of $14,000, made by the river and harbor 
act of August 14, 1876, proposals were invited for doing all the dredg¬ 
ing now required for completing the projected basin at the Packet 
Landing, as well as for dredging at Clement’s Point Shoal, and below. 
A contract for this work was made June 12,1877, with the Atlantic 
Dredging Company of Brooklyn, N. Y., the lowest of three bidders, at 
49 cents per cubic yard, as measured iu its bed, for the dredging near 
Packet Landing; aud at 97 cents per cubic yard, as measured in the 
scows, for the dredging at Clement’s Point Shoal, and below. The 
same to be completed on or before September 30, 1877. 

Operations have been commenced under this contract, and it is 
probable that they will be completed within the time called for. 

All the work now projected for this river has been provided for and 
taken in band, with the exception of the excavation of a chaunel 
through the ledge at Gulf Shoal, next below the Upper Narrows, which 
is indispensably necessary for the effectual and permanent improvement 
of this river, as well as to give to the work already done its full value. 

This shoal is 160 feet in width, and will require the excavation of about 500 
cubic yards of ledge, bowlders, &c., the estimated cost of which, at $20 per cubic 


yard, is. $10,000 00 

Adding for contingencies, say. 1,000 00 

Total. 11,000 00 


Which is the additional amount now required for completing all the 
work necessary for the improvement of the river. 

An attempt has been made to ascertain the nature and extent of the 
commerce on this river, but to no purpose. It has, however, greatly 
increased during the last two years, owing to the improvements already 
made in its navigation; aud arrangements are being perfected for a 
much greater increase of it, by the building of new wharves and store¬ 
houses, with a view to direct importation of coal, lime, and other 
articles, which have hitherto been brought up in limited quantity, on 
barges, on which they were transshipped at Portsmouth, N. H. 

Abstracts of proposals received aud contracts made during the past 
year are hereto appended. 
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Money statement. 

July 1,1376, amonnt available. $2, ft*I 56 

Amount appropriated by act approved August 14, 1876. 14,000 00 

- — ‘ § 10,831 50 

July 1,1877, amount expended dnring fiscal year. 5,046 *26 

July 1,1877, oatstanding liabilities. 0U7 22 

-- 5,053 48 


July 1,1877, amount available. 11,228 08 

Amount (estimated) reqnired for completion of existing project._ -. 1L, GOO 00 

Amount that can be profitably expended in fiscal year euding June 30,1310. 11,000 00 


Abstract of proposals received May 26,1877, for dredging in Cocheco River. New tfampskire 



a 

* I 


Bidders. 


Location and nature of work. 



Be mark*. 


D HEDGING. 


1 Atlantic Dredging Com¬ 
pany, of Brooklyn, N. Y. 


2 George C. Fnbes Sc Co., of 
Portland, Me. 


3 Augustas It Wright, of 
Portland, Me. 


Near Packet Landing, 10,000 cubic 
yards, more or less. 

Clement's Point Shoal and below, 
2,000 cubic yards, more or less. 

Near Packet Landing, lO.OOOcubic 
yards, more or less. 

Clement’s Point Shoal and below, 
2,000 cubic yards, more or less. 

Near Packet Landing, 10,000 cubic 
yards, more or less. 

Clement’s Point Shoal and below, 
2,000 cubic yards, more or less. 


|0 49 
97 
54 

1 75 
60 

2 50 


Aj in ensured in the bed. 
As measured in the scows. 
As measured in the bed* 
As measured in the scows. 
As measured in the bed* 
As measured hi the scow a. 


Abstract of contracts made during the fiscal year ending June 30,1877, for the iwpm't'flicnf 
of Cocheco River , New Hampshire. 


Date of contract. 

Contractor. 

Nature and location of work. 

Price per cubic 
yard. 

Kt marks. 

1377. 

JuneJ2 

! Atlantic Dredeing Com- 
| pany, of Brooaly n, N. Y. 

i 

i 

DBBDGINO. 

Above the“Gnlf,” near Packet 

10 49 

As measured lu the bed. 


Landing, 10,000 cubio yards, 
more or less. 

Below the ■* Gnlf,” at Clem¬ 
ent’s Point Shoal and below, 
2-.000 cubio yards, more or 
less. 

97 

As measured in the scows. 


A io. 


IMPROVEMENT OF MERRIMAC RIVER, INCLUDING THE HARBOR OF NEW- 
BURYPORT, MASSACHUSETTS. 


The project adopted for the improvement of this river consists in 
deepening its shoals by dredgiug and in removing sunken rocks from 
its channel, so that it shall have a depth of 12 feet at ordinary high- 
water, from its mouth in Newburyport Harbor, Massaclmsetts, up to 
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Haverhill, (a distance of 15 miles;) and thence for a distance of about 
4 miles up through u the falls ” a depth of 4 feet in the ordinary stages of 
the river; and for the improvement of Newburyport Harbor, in the re¬ 
moval of North and South Gangeway Eocks to a depth of 9 feet at mean 
low-water, the removal of “The Boilers” (sunken rocks near the city 
wharves) to a depth of 5 feet at mean low-water, and the removal of a 
sunken wreck. 

The total estimated cost of all the work necessary for these improve¬ 
ments was $147,000, as specified in my last annual report, for which 
the following appropriations have been made by Congress, viz: 


By act of July 11,1870, for improvement of Merrimac River, Massachu¬ 
setts. $25,000 00 

By act of March 3,1971, for improvement of Merrimac River above Hav¬ 
erhill, Mass. 25,00000 

By act of Jane 10, 1872, for improvement of Merrimac River above Hav¬ 
erhill, Mass. 25,00000 

By act of March 3,1873, for improvement of Merrimac River, Massachu¬ 
setts. 25,000 00 

By act of June 23,1874, for continuing the improvement of Merrimac 

River, Massachusetts... 10,000 00 

By act of March 3, 1875, for improvement of Merrimac River, Massachu¬ 
setts. 12,000 00 


Total.. 122,000 00 

The amount that bad been expended up to July 1, 1876, for improving 
this river and harbor was... 111,539 46 


Leaving then available the sum of... 10,460 54 


At that date the following work had been accomplished, to wit: 

1. For THE IMPROVEMENT OP NEWBURYPORT HARBOR. 

The main (South) Gaugeway Bock broken up and removed to a depth 
of 9 feet at mean low-water, and a commencement made upon the re¬ 
moval of North Gangeway Rock, aud the wreck of the schooner Globe 
also broken up ahd removed, leaving yet to be done the removal of 
North Gangeway Bock and “ The Boilers.” 

2. For the improvement of the river above newburyport. 


The channel completed at Hazeltine Bapids, Lower Falls, and Upper 
Falls, (above Haverhill, Mass.,) so as to be navigable through the falls, 
for a depth of 4 feet, in all stages of the river, except in an unusually 
low stage, resulting from shutting off the water at the Lawrence mills on 
Sundays and at night. 

Shoals dredged aud sunken bowlders removed from the channel at 
and near Bock’s Bridge, (6£ miles below Haverhill,) including Little 
Currier Bock above and Petty Rock below the bridge, greatly improv¬ 
ing this the most dangerous part of the river below Haverhill; some 
progress had also been made in the dredgiug for the improvement of 
Currier’s Shoal, (about 5 miles below Haverhill.) In addition to the 
above, the following work has been done for the improvement of the 
river since the 1st of July, 1876, viz : 

The channel has been opened by dredging for a width of 100 feet, to 
the projected depth, (viz, 12 feet at ordinary high-water,) at Carrier’s 
Shoal, (distant about 5 miles below Haverhill,) under a contract with 
Messrs.'Curtis, Fobes & Co., of Portland, Me.; also to the same depth 
and for a width of 75 feet at the shoals near the head and foot of Sils- 
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by’s Island, from 1 to 2 miles below Haverhill. The shoal between the 
two-bridges at Haverhill has also been improved by dredging so as to 
hare a channel 10 feet in depth at ordinary high-water, and numerous 
large bowlders have been removed from the channel at and near the 
falls above Haverhill. 

The operations in this river were continued until the last of October, 
when they were suspended for the winter on accouut of freshets and 
ice. 

The only work that remains to be done for the.improvement of this 
river above Newburyport Harbor, as now projected, consists of the 
removal of some sunken rocks which obstruct the channel near the 
bead of Silsby’s Island. This can be done with the unexpended balance 
of the appropriation of March 3, 1875, now available therefor; and 
arrangements will be made to complete it at an early day, not later than 
the 1st of September next, by employing a submarine party, together 
with a vessel and crew, provided with suitable machinery, at a cost not 
to exceed $45 per day. 

The following is the estimated cost of the completion of the work now 
projected for the improvement of Newburyport Harbor, to wit: 


1. Completing the removal of North Gangeway Rock to a depth of 9 feet 

below mean low-water—say, 360 cubic yards, at $40 per cubic yard. 

2. For breaking up and removing *' The Boilere ” to a depth of 5 feet at 

mean low-water—say, 362 oubic yards, at $25 per cubic yard. 

Adding for contingencies, say. 


$14,400 00 

8,800 00 
1,800 00 


Total. 25,000 00 

The following information in regard to the revenae and commerce of 
the port of Newbnryport, Mass., for the year ending December 31,1876, 
has been famished by the United States collector of customs at that 


place, viz: 

Amount of revenue collected... $91,649 

Valne of exports... 79,032 

Value of imports. 201,342 

Number of vessels entered from foreign ports. 32 

Number of vessels cleared for foreign ports. 33 

Number of vessels entered from domestic ports. 442 

Number of vessels cleared for domestic ports. 376 

Number of vessels built during the year. 3 

The aggregate tonnage of which was.. 3,069.4 

Money statement. 

July 1.1876, amount available.$10,460 54 

July 1,1877, amount expended during fiscal year. 9,209 44 


July 1,1877, amount available. 1,251 10 


Amount (estimated) required for completion of existing project. 25,000 00 


Amount that can be profitably expended in fiscal year ending Juue 30,1879. 25,000 00 


A ii. 

IMPROVEMENT OF SALEM HARBOR, MASSACHUSETTS. 

The act of Congress approved June 10,1872, “making appropriations 
for the repair, preservation, and completion of certain public works on 
rivers and harbors, and for other purposes,” provided for a survey of this 
harbor with a view to its improvement. A survey of it, made in August 
and September, 1872, under my direction, showed that the following 
works were necessary, viz: 
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1. The excavation by dredging of a channel 1,730 feet loug, 300 feet 
wide, and 8 feet deep at mean low-water, (giving 17.3 feet at mean high- 
water,) from deep water in to the entrance of South River. The estimated 


cost of which was as follows, viz: 

(a) Excavating 36,000 cubic yards of mud, at 50 cents.$18,000 00 

( b) Excavating 12,000 cubic yards of hard clay, at 90 cents. 10,800 00 

Adding for contingencies, say... 3,200 00 

Total. 32,000 00 

2. For constructing a sea-wall and breakwater for the protection and pres¬ 
ervation of Long Point, as per Estimate given in annual report of 1873. 23,000 00 

Total...... 55,000 00 

Upon the above estimates appropriations have been made by Congress 
as follows, viz: 

By act approved March 3, 1873. .$15,000 00 

By act approved June 23, 1874 . 10,000 00 

Total..... 2^ 000 00 


Under the appropriation of March 3, 1873, a contract was made with 
Mr. Augustus R. Wright, of Geueva, N. Y., for dredging, at 44 cents per 
cubic yard, as measured in the scows, by which the channel was opened 
to the projected length and depth for a width of 160 feet. 

Under the appropriation of June 23, 1874, a contract was made Sep¬ 
tember 5, 1874, with Messrs. Curtis, Fobes & Co., of Portland, Me., the 
lowest of four bidders, for completing all the projected dredging at this 
place, at the following prices, viz: 

(1.) Stiff clay intermixed with bowlders, at 35 cents per cubic yard, as measured ia 
the scows; and 

(2.) Soft mud, at 20 cents per cubic yard, as measured in the scows. 

Work was commenced under this contract December 9,1874, and was 
completed April 20, 1875, resulting in the dredging of 1,915 cubic yards 
of clay and bowlders, aud 41,558 cubic yards of mud; altogether, 43,503 
cubic yards, whereby the chauuel was completed to a width of 300 feet 
as origiually projected. 

From a recent examination of the condition of Long Point it appears 
that the portion of it for the protection and preservation of which a sea¬ 
wall and breakwater was projected aud for which estimates have hitherto 
been submitted, no longer exists, having been washed away by storms, 
and that other works have been recently commenced by private parties 
upon that poiut, of such a character as to render unnecessary any farther 
work on the part of the United States; so that no additional appropria¬ 
tion is now asked for the improvement of this harbor. 

The following information in regard to the commerce and revenue of 
the port of Salem and Beverly for the year ending December 31, 1876, 
has been furnished by the United States collector of customs at that 
port: 

The amount of revenue collected was: 


Duties ou imports. $17,161 51 

Tonnage tax. 501 00 

Marine-hospital tax. 258 27 

Total.17,920 78 

Value of imports. 46,974 0(1 

Value of exports. 78,210 00 


The number of vessels, both foreigu and domestic, arriving and leaving the port dar¬ 
ing the same poriod was 1,221. 

No vessels other than yachts were built In 187G. 
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A 12. 

IMPROVEMENT OF BOSTON HARBOR, MASSACHUSETTS. 

The works projected and commenced prior to 186G for the improve¬ 
ment of Boston Harbor consisted of the sea-walls on Deer Island, Lov¬ 
ell’s Island, and Great Brewster Island. Those on- Deer Island were 
commenced in 1827, and were completed, as partially rebuilt in 1869; 
those on Lovell’s Island were commenced in 1843, and completed in 1869, 
aDdthaton Great Brewster Islaudwas commenced in 1849 and com¬ 
pleted in. 1869. 

On referring to the annual reports from 1866 to 1870, it appears that 
up to 1870 there had been expended tipou the Great Brewster sea*wall 
the sum of $277,082.55, and for those upon Deer and Lovell’s Islands the 
sum of $133,420.24, in addition to the appropriations made prior to 1866. 
These sea-walls, which had been under the charge of Col. H. W. Ben ham, 
Corps of Engineers, since 1865, were transferred to the charge of Lient. 
Col. George Thom, Corps of Engineers, in April, 1873. 

In 1866, new works for the further improvement of this harbor were 
planned by the Board of Harbor Commissioners, organized by the legis¬ 
lature of Massachusetts, and estimates therefor were submitted by them 
as follows, viz: 

For the improvement of the channel across the Upper Middle Bar. by 


dredging a channel 23 feet deep at mean low-water and 1,000 feet wide, 

at a total estimated cost of. $157,085 00 

For the improvement of the channel at the Narrows, hy dredging off the 
sonthwest point of Lovell's Island and the extremity of Great Brewster 
Spit, so as to widen the channel to 685 feet, at 23 feet depth of water, at 

a total estimated cost of. 188,805 00 

For the improvement of the channel at the Narrows hy the removal hy 

blasting of Tower Rock and Corwin Rock, at an estimated cost of. 20,000 00 

For the preservation of the north bead of Long Island, by the construc¬ 
tion of a sea-wall, at an estimated cost of. 150,000 00 

For the preservation of the north end of Gallop’s Island, by the construc¬ 
tion of a.sea-wall, at an estimated cost of. 103,585 63 

For the preservation of Point Allerton, by the construction of a sea-wall, 
at an estimated cost of. 70,901 87 


Total.-. 690,467 50 


An appropriation based upon these estimates having been made by 
Congress in March, 1867, the late Lieut. Col. John G. Foster, Corps of 
Engineers, was assigned to the charge of those works in May, 1867, and 
they continued under his charge until May, 1871, when they were trans¬ 
ferred to Lieut. Col. George Thom, Corps of Engineers. 

For the several works projected, as above, in 1866, the following ap¬ 
propriations have been made by Congress to date, viz: 


By act of March 2,1867, for preservation and improvement of Boston 

Harl>or, Massachusetts. $375,000 00 

Allotted under act of July 25,1868.. 43,000 00 

Allotted under act of April 10,1869. 82,170 00 

By act of July 11,1870, for preservation and improvement of Boston 

Harbor, Massachusetts. 100,000 00 

By act of March 3,1871, for improvement of Boston Harbor, Massachu¬ 
setts. 100,000 00 

By act of June 10, 1872, for the improvement of Boston Harbor, Massa¬ 
chusetts. 100,000 00 

By act of March 3, 1873, for the improvement of Boston Harbor, Massa¬ 
chusetts, including Deer and Lovell's Islands. 150,000 00 

By act of Juno 23, 1874, for continuing the improvement of the harbor at 
Bosto.i, Massachusetts.... 100 000 00 


Digitized by Google 

















174 


REPOET OF THE CHIEF OF ENGINEERS. 


By act of March 3,1875, for the improvement of Boston Harbor, Massa¬ 
chusetts, $100,000, providing that of said amount $10,000 may be ex¬ 
pended for the improvement of Hingham Harbor, Massachusetts. $90,000 00 

By act of August 14, 1876, for the improvement of Boston Harbor, Massa¬ 
chusetts . 50,000 00 

Total. 1,190,170 00 


The following is a brief history of each of the works, completed and 
uncompleted, that have hitherto been projected for the improvement of 
this harbor, viz: 

1. —SEA-WALL FOR THE PROTECTION AND PRESERVATION OF POIHT 

ALLERTON. 

Work was commenced upon this wall in September, 1870, and was 
completed in May, 1874. It was bnilt for the most part nnder four sep¬ 
arate contracts with Mr. James M. Andrews, of Biddeford, Me., made 
respectively May 24, 1870; July 20, 1871; August 24,1872, and May 8, 
1873. The total length of this sea-wall, completed, is 1,202 feet. 

Iu addition to this sea-wall, there have been built since July, 1873, 
for the protection of its concrete foundation where most exposed to injury 
by storms and currents, 1,005 linear feet of granite apron and 8 jetties, 
in which have been placed 1,776 tons of grout. This apron has an aver¬ 
age width of 10 feet and a height of 2 to 3 feet. It extends all along 
the fourth, fifth, sixth, seventh, and eighth faces, (counting from the 
cast,) aud for about 55 feet along the first face, as well as along the west¬ 
ern wing-wall, in order to protect its junction with the shore-crest. The 
several jetties have a length of 25 to 30 feet, a width of abont 6 to 8 feet, 
aud a height of 2 to 3 feet; aud they are placed, one at each of the 
fourth, fifth, sixth, seventh, and eighth angles, one each at the middle 
of the first aud seventh faces, and at the easterly wiug-wall. 

This sea-wall is in excellent condition in every respect, and the riprap 
apron-work has fully answered the purpose for which it was intended. 

2. —SEA-WALL FOR THE PROTECTION AND PRESERVATION OF GREAT 

BREWSTER ISLAND. 

This wall, 2,840 feet in length, was bnilt for the protection of the 
north and south heads of the island. It was commenced in the year 
1849 and was continued through the year 1850, when work upon it was 
suspended. Since then it has been continued from time to time as ap¬ 
propriations have been made for it, until its completion in 1869. This 
wall is generally in good condition. 

3. — SEA-WALLS FOR THE PROTECTION AND PRESERVATION OF LOT- 

ell’s island. 


Two sea-walls have been built by the United States Government on 
this island, one in 1843 for the protection of its north head for a length* 
of 750 feet, and the other in 1868-’69 for the protection of its southeast 
bluff for a length of about 800 feet. 

For the protection of the shore-line south of the north head-wall ao 
apron-work of large rubble-stone was bnilt in 1873 for a length of 620 
feet, with 5 jetties projecting from it, in which 1,095 tons of stone 
were used; and for the protection of the shore line next to the southern 
end of the southeastern sea-wall a rubble-stone apron 110 feet in* 
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length was also built in 1873, in which 139 tons of stone were used. A 
recent inspection of these aprons shows that they g have fully answered 
the purpose for which they were intended. 

The wall on the southeast bluff was much damaged by storms last 
year, and especially by the gales of March and April, 1876. Over 500 
linear feet of the coping-course has been loosened and more or less dis¬ 
placed, and more than 20 pieces have been thrown from the wall. Sev¬ 
eral stones of the facing course next below the coping have also been 
loosened and displaced, and the cobble-stone paving back of the coping 
has been washed out for a length of about 400 feet. Injury has also 
been done to the stone jetties, and the joints in several places have been 
opened. To prevent a recurrence of such damage, it is recommended 
that greater relief be given to the wall (now but 8 feet above its con¬ 
crete foundation) by adding two more facing-courses, each of 2 feet, and 
by substituting for the cobble-stoue pavement iu rear of the coping 
granite flagging resting on a shingle and gravel bed. The cost of this 
change, including the repairs now necessary, is estimated at $15,000. 

4.—SEA-WALL FOB THE PROTECTION AND PRESERVATION OF GAL¬ 
LOP’S ISLAND. 


This sea-wall is 1,785J feet in length. Work upon it was commenced 
in 1868, under a contract with Mr. James Andrews, of Biddeford, Me., 
and was carried on under that contract until the end of April, 1871, 
after which it was continued with hired labor until its completion in 
the latter part of September, 1871. 

The violent storms and currents to which this sea-wall is exposed 
had laid bare its concrete foundation to such a degree as to render 
necessary for its protection and preservation a rubble-stone apron for 
nearly its whole extent, with the addition of jetties in the most exposed 
places. This apron-work was commenced in August, 1873, and was 
completed in May, 1874. It extends along the sea-wall for a length of 
1.655 feet, being on its most exposed faces 10 feet in width. Nine jetties 
have been built at and near the angles of the wall, four of which are 
of split granite, bedded in part in concrete laid iu trenches and sur¬ 
rounded with a concrete apron, each jetty being 18 feet in length and 5 
feet in width. The quantity of stone used iu this apron and tbe jetties 
was about 1,450 tons. A recent inspection of this work shows that it 
is in good condition, and that the riprap aprou work and jetties have 
folly answered the purpose intended. 


5.—SEA-WALL FOR THE PROTECTION AND PRESERVATION OF THE 
NORTH HEAD OF LONG ISLAND. 


Work was commenced upon this sea-wall in August, 1870, and was 
completed in July, 1874. It has been built for tbe most part under four 
separate contracts with Mr. James Andrews, of Biddeford, Me., made 
respectively May 24,1870 $ July 26,1871; August 23,1872, and May 8, 
1873. The length of this sea-wall is 2,081| feet. 

In addition to the sea-wall, there has been built for the protection and 
preservation of its concrete foundation, where most exposed to injury by 
storms and currents, a rubble stone apron for a length of 975 feet in 
front of the wall, together with 10 stone jetties. This apron averages 
from 8 to 10 feet in width and from 2 to 3 feet in height. The jetties 
are triangular in shape, and project from 12 to 20 feet beyond the apron; 
about 900 tons of rubble-stone was used for this work, together with a 
large quantity of bowlders and cobble-stone, found in its immediate vi- 
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cinity. This apron-work was commenced in April, 1874, and completed 
early in August, 1874. 

A recent inspection of this sea-wall shows that it is in good condition, 
and that the riprap apron-work and jetties have fully answered the pur¬ 
pose intended. 

6.—SEA-WALLS FOR THE PROTECTION AND PRESERVATION OF DEER 

ISLAND. 


Under appropriations made by Congress in 1827, and subsequently, 
three sea-walls have been built for protecting the three prominent heads 
of this island: that at the north head being 1,740 feet long, and 19^feet 
high above its foundation, and 14 feet above ordinary high-water; that 
at the middle head 840 feet long, 17 % feet high above its foundation, and 
12 feet above mean high-water; and that at the south head 380 feet long, 
14J feet high above its foundation, and 12 feet above mean high-water. 
These walls were built of regularly split quarried stone, with a partial 
dressing only, aud laid dry as headers, the only backing being the clay 
and gravel in rear, which, silting out through the open joints, left, in course 
of time, large cavities at several places in rear of the walls, resulting in 
much damage to the w alls, with a probability of their entire destruction. 
To repair the damage already done, and to prevent its recurrence for 
the future, the rebuilding of these walls was commenced in 1865, by 
which its several courses, except the lowest, were laid in mortar and 
backed with concrete, and otherwise much strengthened. This rebuild¬ 
ing was continued until the latter part of 1869, with the following re¬ 
sult, as reported by Col. H. W. Ben ham while in charge of these walls: 

The rebuilding of the wall of the middle head was completed in 1867 
for an extent of 540 feet; all that then appeared to be necessary. 

The wall of the South Head was commenced and completely rebuilt in 
a substantial manner, comprising about 420 ruuning feet, in the year 
1867. 

The rebuilding of the wall at the North Head was continued until 
August, 1869, up to which time 1,250 linear feet of wall was taken up, 
relaid, and completed in rear, two split-stone jetties, 25 to 28 feet long, 
were placed, one at about the middle of the main face of the North Head, 
and the other in a similar position at the Middle Head wall. 

Iu his report for the fiscal year ending June 30,1872, Colonel Beubam 
states that the three sea-walls pertaining to these bluffs of Deer Island 
were “in essentially a good condition, especially in the parts that bad 
been rebuilt; that a few defects are found by the falling or drawing ont 
of the fonndatk>n-8tones, even, in some cases, of the parts rebuilt, from 
their not having been taken up to the lowest foundation-course, and from 
the great force of the current or waves along these foundations.” 

In the latter part of 1876 some repairs were made on the wall at the 
North Head, and an inspection recently made shows that no additional 
repairs are needed for the 4 present. 

7.—STRAIGHTENING, WIDENING, AND DEEPENING THE MAIN SHIP-CHAN¬ 
NEL AT THE WEST END OF GREAT BREWSTER SPIT. 


This work consisted in the removal by dredging of the southern por¬ 
tion of this spit so far as to obtain a depth of 23 feet at mean low-water 
for a width of not less than 600 feet with proper slopes up to the 18-feet 
curve. A survey of this locality, made in August, 1872, showed that 
the extreme westerly end of the spit had so far advanced into the chan- 
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nel that the low-water line was 120 feet farther out than it was in 1860, 
and the 18-feet curve was 168 feet from that of 1860. 

Under the appropriation made by act of June 23,1874, for the improve¬ 
ment of this harbor, a contract was made September 3, 1874, with the 
New England Dredging Company, of Boston, Mass., the lowest respon¬ 
sible bidders, for completing this work. Work was commenced under 
this contract on the 13th of October, and continued until the 29th of 
October, 1874, when it was suspended for the winter. It was resumed 
on the 11th of May, 1875, the earliest date practicable, and was con¬ 
tinued up to the middle of August, 1875, when all the dredging called 
for under this contract was completed, resulting in 29,226 cubic yards. 
Under the same contract with the New England Dredging Company, 
95J cubic yards of sunken ledge (laid bare by dredging) were removed 
to the depth of 23 feet at mean low-water. This work was commenced 
in June, 1876, and completed in November, 1876. 

8.—STRAIGHTENING, WIDENING, AND DEEPENING THE MAIN SHIP- 

OHANNEX. AT THE SOUTHEAST AND SOUTHWEST POINTS OF LOVELL’S 

ISLAND. 

This work consists in the removal by dredging of the southeast and 
southwest points of this island, so as to give iu u The Narrows” a chan¬ 
nel GOO feet in width for a depth of 23 feet at mean low-water, with proper 
slopes up to the 18-feet carves. Work was commenced on the southwest 
point in 1867, under a contract made with Mr. A. Boschk£, of Boston, 
Mass., and was continued during that and the two following seasons, 
until suspended for want of funds. A resurvey of this chaunel made 
in 1872, showed that it had not changed to any considerable extent at 
its southwest point since the close ot the dredging operations in 1869; 
that the 18 feet curve was very nearly the same as then, and that the 
shore above low-water line had acquired a more natural slope of 8 feet 
horizontal to 1 foot rise by the receding iuland of the high-water line, 
but that the flats off the southeast point of this island had advanced so 
much toward the main channel as to materially impede and endanger 
navigation. 

Under the appropriation made by act of June 23,1874, for the improve¬ 
ment of Boston Harbor, a contract was made September 8, 1874, with 
Messrs. Boynton Brothers, of Boston, Mass., the lowest responsible bid¬ 
ders, for completing the work projected for the improvement at the south¬ 
east point of this island, viz, 40,000 cubic yards, more or less, of dredg¬ 
ing, at 38 cents per cubic yard, as measured in the scows. Work under 
this contract was commenced on the 7th of October, and continued until 
the 17th of December, 1874, wrhen it was suspended for the winter. It 
was resumed on the 11th of May, 1875, the earliest date practicable, and 
was completed September 22, 1875, 31,058 cubic yards having been 
dredged under this coutract. 

For completing the projected improvement at the southwest point of 
this island, about 40,000 cubic yards of additional dredging will be neces¬ 
sary, for which a contract was made June 2,1877, w ith the New England 
Dredging Company, of Boston, Mass., the lowest of eight bidders, at 24 
cents per cubic yard, as measured iu the scows. Operations were com¬ 
menced under this contract ou the 19th of June, aud it is probable that 
they will be completed not later than the 1st of November, 1877, as re¬ 
quired by the contract. 

12 E 
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9 . —STRAIGHTENING, WIDENING, AND DEEPENING THE MAIN SHIP-CHAN¬ 
NEL AT THE UPPER MIDDLE BAR. 

The work projected for the improvement of this bar consists in open¬ 
ing through it a channel, GOO feet in width, to a depth of 23 feet at mean 
low-water, through a total distance of about 4,000 feet, the princi¬ 
pal difficulties being in a space about 2,200 feet in length, in which the 
depth to be increased varied from 1 to 7 feet. Under a contract made 
September 24, 1870, with Emory R. Seward, of Albany, N. Y., dredging 
was carried on at this place until the 1st of June, 1871, at w r hich time 
26,120 cubic yards bad been excavated uuder that contract, by which 
one cut, about 1,800 feet in leugth, was partially opened to a width of 40 
feet, and to a depth varying from 20 to 23 feet at mean low-water. 

Under the appropriation made by act of March 3, 1871, a new con¬ 
tract was made July 29,1871, with Mr. R. G. Packard, of Brooklyn, N. Y., 
which was completed June 29, 1872, by 20,305 cubic yards of dredging, 
making, to that date, an aggregate of 46,425 cubic yards of dredging. 

By this work, one cut, about 1,800 feet in leugth, was opened to a width 
of 40 feet, to a full depth of 23 feet at mean low-water, and a second cut 
of the same width and depth for a length of 1,040 feet, including the re¬ 
moval of a very large bowlder discovered in 1872, in the maiu ship-chan¬ 
nel, with but 16J feet of water upon it at mean low-water. 

Under the appropriation of March 3,1873, a contract was made March 
5, 1874, with the Atlantic Dredging Company, of Brooklyn, X. Y., for 
75,000 cubic yards, more or less, of dredging, at 64 cents per cubic yard, 
as measured in the scows, and at $35 per cubic yard for excavation of 
ledge and of bowldersexceeding 6 tons in w eight. Operations were com¬ 
menced in April, 1874, and were continued up to the 14th. of December 
of that year, wheu they were suspended for the winter. On the 26th of 
May, 1875, they were resumed,and continued up to the 17th of Decem¬ 
ber of that year. They were again resumed on the 3d of May, 1876, and 
were continued up to the lltli of July, 1876, at which time 90,869 cubic 
yards had been dredged under and in completion of this contract. 

Under the appropriation made by act of June 23,1874, for continuing 
the improvement of this harbor, a contract was made September 1,1874, 
with the Harbor Improvement Company, of Boston, Mass., for 42,000 
cubic yards of additional dredging on this bar, at 85 cents per cubic 
yard, as measured in the scows. Dredging was commenced uuder this 
contract on the 3d of October, and continued until the 14th of Decem¬ 
ber, 1874, wheu it was suspended for the winter. It was resumed on 
the 8th of May, 1875, and continued up to the 17th of December, 1875, at 
which time 42,843£ cubic yards had been dredged under this contract. 
There tbeu remained to be done for the completion of this contract, the 
excavation of 37 cubic yards of ledge, which was completed ou the 26th 
of August, 1876. 

Uuder the appropriation made for this harbor by act of March 3,1875, 
a contract was made May 19,1875, with Messrs. Curtis, Fobes & Co., 
of Portland, Me., for 90,009 cubic yards, more or less, of additional 
dredging on this bar and the shoals below it, at 75 ceuts per cubic yard, 
as measured in the scows, including bowlders not exceeding 6 tons in 
weight. Operations were commenced under this contract May 9, 1876, 
and were completed ou the 16th of November, 1876, resulting in 88,150 
cubic yards of dredging. 

The total quantity of dredging, therefore, that has been done up to 
date under the several contracts named, amounts to 266,794 cubic yards, 
whereby a channel has been opened for a width of 600 feet, and a depth 
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of 23 feet at mean low-water, through the whole of the Upper Middle 
Bar, in length abont 4,000 feet. 

In order to complete the projected channel at the Upper Middle Bar, 
there still remains to be done abont 80 cubic yards of rock excavation, 
for which a contract was made Jane 4,1877, with Mr. George W. Town- 
Bend, of Boston, Mass., the lowest of two bidders, at $65 per cubic yard 
measured in its bed, the same to be completed on or before the doth of 
June, 1878. 

10— REMOVAL OF NASH’S ROCK (SHOAL.) 

Nash’s Rock, so-called, is a shoal lying in the outer entrance to Boston 
Harbor, about one-third of the way over from Brewster Spit to Point Al- 
lerton. This shoal was surveyed in September and October, 1873, aud a 
special report thereon, accompanied by drawings, was submitted to the 
Department on the 24th of March, 1874. Prom information acquired by ' 
this survey, it is seen tbat the only portion of this shoal which it would be 
advisable and practicable to improve, is that having less than 21 feet of 
water over it at mean low-water, which portion has an area of 637J 
superficial yards, aud would require, in order to obtain a depth of 21 
feet, the excavation and removal of about 500 cubic yards of bowlders, 
shingle, &c., at an estimated cost of $10,000; whereas to remove the 
whole shoal to a depth of 23 feet below the plane of mean low-water 
would require the excavation of over 16,000 cubic yards of similar 
material over an area of acres, the cost of which would be greatly 
disproportionate to the benefit that would result therefrom. 

Under the appropriation made by act of March 3,1875, for the im¬ 
provement of this harbor, a contract was made May 19, 1875, with 
Messrs. Curtis, Fobes & Co., of Portland, Me., for removing about one 
half of Ibis shoal to the projected depth of 21 feet at ineau low-water, 
which was completed by them in September, 1876. 

Arrangements have been made for the entire completion of this work 
daring the present season by employing a submarine party, with a 
vessel aud crew', by the day, at a price not exceeding $50 per day. 

11.— REMOVAL OF KELLV’S ROCK. 


This rock lies in the main ship channel, distant about 700 yards, in a 
direction southeast by south of Bug light (at the Narrows) and in the 
line of entarauce to buoy No. 1 and Bug light. In 1869 operations were 
commenced for removing this ledge to a depth ot 23 feet below the ' 
plane of mean low-water, and were continued up to the end of Decem¬ 
ber, 1870. These operations were continued iu June aud July, 1873. 

An accurate survey, sinee made, of this rock showed that there still 
remained an area of about 320 superficial yards of this ledge.which had 
less than the projected depth on the shoalest parts, of which there were 
but 21.2 feet of water at mean low-water, and that in order to obtain 
tbe full depth of 23 feet would require the removal of not less thau 80 
cubic yards of the ledge. 

Under the appropriation made by act of March 3, 1875, for this har¬ 
bor, a contract was made May 14, 1875, with Mr. George \V. Towmseud, 
of Boston, Mass., for completing the removal of this rock at $60 per 
cubic yard. He commenced operations under this contract iu the latter 
part of May, and completed in September 30, 1875, 

During the removal of this rock in 1875, new ledges were discovered 
in its vicinity, above aud below, having on the shoalest parts a depth of 
but 20 to 21 feet at mean low-water. These ledges cover an area of 
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about 543 square yards in the 23 feet plane below mean low-water, and 
189 cubic yards will have to be removed above that plane. 

A contract for the removal of these ledges to a depth of 23 feet at 
mean low-water was made on the 4th of June, 1877, with Mr. George 
W. Townsend, of Boston, Mass., the lowest of two bidders, at $50 per 
cubic yard, measured in its bed, the same to be completed on or before 
the 30th of June, 1878. Operations were commenced uuder this con¬ 
tract on the 15th of June, 1877. 

12.— REMOVAL OF TOWER ROCK. 

This rock was situated iu the main ship-channel at the Narrows, about 
100 yards to the southwest of Great Brewster Spit light. It was blasted 
out and removed iu 1807 to the projected depth of 23 feet at mean low- 
water. 

13.— REMOVAL OF CORWIN ROCK. 

This rock was situated in the main ship-channel at the narrows, about 
200 yards to the southwest of Great Brewster Spit light It was blasted 
out and removed in the years 18G3 and 18G9 to the projected depth of 
23 feet at mean low-water. 

14.— REMOVAL OF SUNKEN LEDGE BETWEEN GEORGE’S ISLAND AND 
GREAT BREWSTER SPIT. 

This ledge was discovered in September, 1872, in a resurvey of the 
Narrows, it was situated near the middle of the main ship channel, 
directly in the track of all large vessels, and particularly of the Euro¬ 
pean steamers, and was distant 317 yards in a direction west by south 
from Bug light. It had but 18.9 feet of water upon it at mean low- 
water, and was therefore a dangerous obstacle to navigation. 

Under the appropriation of June 23, 1874, a contract was made, 
August 31, 1874, with Mr. William H. Lloyd, of Boston, Mass., for the 
removal of this ledge to a depth of 23 feet at mean low-water—alto¬ 
gether 16£ cubic yards—for the sum of $400, which he completed early 
iu September, 1875. 

15.— REMOVAL OF BARREL ROCK, IN BROAD SOUND. 

This was a bowlder lying about 1 mile a little north of west from 
Green Islaud, and near the sailing-line of the Portland and other 
Maine steamers. It had only 4 feet of water over it at low tide, and in 
thick weather was a dangerous obstacle to navigation. It w as removed 
in 18G9. 

16.— REMOVAL OF STATE AND PALMYRA ROCKS. 


A special survey was made of these rocks, of which a report and 
drawings were transmitted to the Department on the 25th of May, 1874. 
By this survey it was ascertained that State Rock and Palmyra Rock, of 
the position and character of which but little previously had been 
known, are situated very near each other, and most probably are out¬ 
croppings of the same ledge, forming spurs on the southern side of the 
lower middle bar, about one-half a mile east of Castle Island. 

To effect the improvement proposed, required altogether the removal 
of about 62 cubic yards of rock, for which a contract was made August 
31, 1874, with Mr. William H. Lloyd, of Boston, who was the lowest of 
two bidders, at $1,500 for the job. Mr. Lloyd commenced work upon 
the removal of the rocks in September, 1874, and continued up to the 
middle of November, wheu, on account of the weather, he was obliged 
to suspend for the winter. He resumed work about the 1st of June, 
1875, and completed their removal on the 15th of that month. 
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17.—REMOVAL OF THE WRECK OF THE SCHOONER DELOS. 

This was an old vessel of about 100 tons burden deeply loaded with 
gravel in her hold and on deck, destined for the engineer-work at Fort 
Warren, and was sunk in the gale of November 12,1872, in Nantasket 
Roads, about 100 yards from Fort Warren wharf, in abont 22 feet of 
water at low-water. When examined in December, 1872, she was 
stripped of her masts and rigging, and was much shattered, and had. 
about 14 feet of water over her at mean low-water. The breaking np and 
removal of this wreck was commenced on May 29, 1873, and was com¬ 
pleted in the early part of June. 

From the foregoing statement it is seen that nearly all the works 
hitherto projected for the improvement of Boston Harbor have been 
completed, and that those remaining to be completed are: 

1. About 40,000 cubic yards of dredging at aud near the southwest 
point of Lovell’s Island, iu order to obtain the contemplated width and 
depth of channel. 

2. Eighty-one and one-half cubic yards of rock excavation at the Upper 
Middle Bar, for completing the channel to the projected width of 600 
feet and a depth of 23 feet at mean low water. 

3. Removal of Nash’s Rock, (shoal.) 

4. The removal of about 189 cubic yards of sunken ledge, discovered 
in 1875 in the vicinity of Kelly’s Rock, for which a contract was made 
Jane 4, 1877, to be completed on or before June 30,1878. 

5. Removal by dredging of Man-of-War Shoal, as per project submit¬ 
ted in special report dated December 16,1876, a copy of which is hereto 
appended. 

In additiou to the above, the southeastern sea-wall on Lovell’s Island 
will require raising and repairing, for which no funds are now avail¬ 
able. 

lu the appropriation for this harbor, made by act of Congress ap¬ 
proved March 3,1875, provision was made for the improvement of Hiug- 
ham Harbor, Massachusetts, to an extent not exceeding $10,000. A 
careful survey of this harbor, made in October and November, 1874, 
showed the nature aud extent of the improvements required for the com¬ 
merce of that place, the project for which consisted in widening and 
deepening the channel so as to have a width of not less thau 100 feet 
and a depth of 8 feet at mean low-water, or about 6 feet at low-water iu 
spring-tides. For this improvement the following work has been done, 
viz, 25,160 cubic yards of dredging and 80 cubic yards of ledge-excava¬ 
tion. Proposals were iuvited for this work, aud coutracts therefor were 
made, as follows, viz : 

1. With Messrs. Curtis, Fobes & Co., of Portland, Me., May 19,1875, 
for the dredging, at 18 cents per cubic yard, which they completed on 
the 1st of May, 1876. 

2. With Mr. George W. Townsend, of Boston, Mass., for 67 cubic 
yards ledge-excavation, at $39 per cubic yard, which he completed in 
December, 1875. 

In addition to the above, about 12 cubic yards of sunken ledge, sub¬ 
sequently discovered, had been removed, whereby all the work projected 
for the improvement of Hingham Harbor has been completed, at a total 
cost (including contingencies) of $9,116.58. 

The following is an estimate of the cost of completing the several 
works yet remaining to be done (as above) for the improvement of Bos¬ 
ton Harbor, viz: 
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1. Forty thousand cubic yards dredging at the southwest point of Lovell’s 

Island, contracted for at 24 cents per cubic yard. $9,600 00 

2. Completing the channel through the Upper Middle Bar, by the removal 

of 81^ cobic yards of sunken ledge, contracted for at $65 per cubic yard, as 
measured in its bed... 5,297 50 

3. Removal of N ish’s Rock, (shoal). 5,000 00 

4. Removal of 189 cubic yards of sunken ledge near Kelly’s Rock, con¬ 
tracted for at $50 per cubic yard. 9,450 00 

5. Raising and repairing sea-wall on Lovell’s Island, (new estimate).. 15,000 00 

6. Removal of Man-of-VVar Shoal, as per new estimate, 65,000 cubic yards of 

dredging, at 60 cents per cubic yard. 39,000 00 

Add for eugiueering expeuses aud other contingencies, say... 12,944 11 


Total. 96,291 61 

Amonut available July 1, 1877 . 41,291 61 


Additional amount required for completing all the work now projected for 

the improvement of Boston Harbor. 55,000 00 

On comparing the original estimate of the cost of the several works 
proposed to be done in 1866, as then submitted, with the actual cost of 
the same as now finished, it will be seen that the actual cost has been 
about 51) per cent, higher thau the original estimate, which excess is 
probably owing to the want of exact data upou which to base that es¬ 
timate, as well as the price of material and labor having been assumed 
too low ; and for other completed works no detailed estimates appear to 
have been submitted; while for a greater part of the works since pro¬ 
jected from time to time those completed have generally cost about the 
same as estimated. 

The several works bn lit for the improvement of this harbor lie within the port of 
Boston, and in the collection-district of Boston aud Charlestown, Massachusetts. 

The following information in regard to the revenue and commerce of 
the port of Boston for the year ending December 31, 1876, has been 
furnished by the United States collector of customs at that port, viz: 

Amount of revenue collected: coin, $12,788,559.58; currency, 198,036.59. $12,986,596 17 

Value of imports.. 35,362,993 00 

Value of exports: domestic merchandise, $ 13,012,403 ; foreign merchan¬ 
dise, $1,344,441. 44,356,844 00 


American vessels arrived 
Foreign vessels arrived.. 
American vessels cleared 
Foreign vessels cleared:. 

Coastwise arrivals.. 

Coastwise clearances. 


Number. 
. 644 

. 1,281 
. 525 

. 1,242 
. 1,018 
. 1,437 


Number of vessels built, 32, with an aggregate tonnage of 11,596^. 

The following-named papers are hereto appended, viz: 


1. Report on snrvey of Man-of-VVar Shoal, dated December 16,1876. 

2. Abstract of proposals received. 

3. Abstract of contracts made. 


Tonnage. 

248,339 
442,027 
213,773 
427,700 
1,042,501 
1,187,188 


Money statement 

July 1, 1876, amount available. $80,455 29 

Amount appropriated by act approved August 14,1876 . 50,000 00 

- $130,455 29 

July 1, 1877, amount expended during fiscal year. 87,917 46 

July 1, 1877, outstanding liabilities. 246 12 

-— 88,163 58 


July 1,1877, amount available... 42,291 71 

Amouut (estimated) required for completion of existing project. 55,000 00 

Amount that can be profitably expsuded in fiscal year ending Jane 30, 1879 . 55,000 00 
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SURVEY OF MAN-OF WAR SHOAL, IN BOSTON HARBOR, MASSACHUSETTS. 

United States Engineer Office, 

Portland , Maine , December 10, I87G. 

General: I have the honor to submit the following report on the sur¬ 
vey of Man-of-War Shoal, in Boston Harbor, Massachusetts. 

This shoal lies off the northeast point of the city of Boston, at the 
confluence of Charles and Mystic Rivers, in the upper harbor, and in the 
track of vessels approaching Charlestown navy-yard. A survey and 
map of this shoal was made in 1874, under the direction of the Massa¬ 
chusetts board of harbor commissioners, with a view to its improvement, 
of which the accompanying drawing is a copy. 

Between this shoal and the wharves of Boston the area shaded in 
black on the drawing lias been dredged to a depth of 23 feet at mean 
low-water, under the direction of the said board of harbor commission¬ 
ers, leaving still to be removed the present shoal, which has an area of 
about 10 acres in the plane 23 feet below' mean low-water, with about 15J 
feet of water over its shoalest part at mean low-water, the mean rise 
and fall of the tide being 9^ feet. 

The quantity of material that will have to be excavated to give a depth 
of 23 feet at meau low-water is 50,860 cubic yards measured in situ , or 
say about 65,000 cubic yards measured in dredging-scows. 

Numerous borings, recently made at this shoal under my direction, 
show that the material of wliich it consists varies in character fY*om soft 
yellow clay to blue clay and hard-pau; and that it is covered in most 
parts with a sandy matter and gravel and some shells from a depth of 
a few inches to 5 feet; and that the western part of the shoal appears 
to be formed chiefly of sandy matter and gravel, and the eastern part of 
yellow clay and hard-pan. 

This shoal has existed from time.immemorial, aud, as stated by the har¬ 
bor commissioners— 

Has always been an obstacle to the maneuvering of the heavy ships of the Navy in 
their passage to and from the United States navy-yard, which is above it, and the diffi¬ 
culties arising from its existence are becoming more and more serious in their effect 
upon the commerce of the port, from the fact that the larger and deeper vessels of 
modern times require a greater depth of water than can now be carried over this shoal. 

The estimated cost of the removal of this shoal by dredging to a depth 
of 23 feet at mean low-water is as follows, viz: 

Sixty-five thousand cubic yards of dredging, inclnding a carriage of material for a 
distance of 5 miles at 60 cents per cubic yard as measured in the scows.... $19,000 00 
Adding for engineering expenses and other contingencies. 4,000 00 


Total. 43,000 00 

Respectfully submitted, 

Geo. Thom, 

Lieut. Col. of Engineers , Bvt. Brig . Gen. U. 8. A. 
Brig. Gen. A. A. Humphreys, 

Chief of Engineers , U. 8. A, 
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Ahsirtto: of proposah received May 2t>, IH77, for improvement of Boston Harbor, Ma*- 

sachusdh f. 



Abstract of con tracts made during (h* y#ar ending dune 30, H77,/or the imprortmrnt 
of Boston Harbor r Massachusetts* 



Xutmo and location of work. 
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A 13 . 


IMPROVEMENT OF PLYMOUTH HARBOR, MASSACHUSETTS* 


Tim existence of this harbor depends entirely upon the, protection and 
preservation of Long Beach, which is a narrow strip of land that extends 
miles out from the main land in a northwesterly direction, nearly 
parallel to the whore of the town of Plymouth, and distant from it about 
I mile. It affords to the harbor its only shelter from easterly storms. 
In late years it has been washed away in some places, and much weak¬ 
ened in others, to an extent seriously threatening the ruin of the harbor. 
For the protection and preservation of this beach, various works have 
been built from time to time, until finally they have proved efficient and 
successful. 

The total amount that has been appropriated by Congress for the 
preservation and improvement of this harbor, from 1824 up to and in¬ 
cluding 1875, as shown by statement furnished under date of February 
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1,1876, by the Chief ot’ Engineers for the information of the Committee 
on Commerce of the House of Representatives, is $97,766. 

Of this amount there has been allotted to and appropriated for this 
harbor, since the resumption of works on rivers and harbors in 1866, the 
sums as folio ws, viz: 

Amount allotted in 1866 from appropriations made for harbors on the Atlan¬ 


tic coast ...$8,300 00 

Amount allotted under act of July 25,1868. 7,500 00 

Appropriated hy act approved July 11, 1870. 10,000 00 

Appropriated by act approved March 3, 1871. 10,000 00 

Appropriated by act approved June 10,1872 . 2,500 00 

Appropriated hy act approved March 3, 1873. 3,000 00 

Appropriated hy act approved June 23, 1874 . 5,000 00 

Appropriated hy act approved March 3, 1875. 10,000 00 


Total. 56,300 00 

In 1866, under the allotment of $8,300 for Plymouth Harbor, a wooden 
breakwater was built by contract for the protection of Long Beach, under 
charge of Maj. Jared A. Smith, Corps of Engineers. In the annual report 
for the fiscal year ending June 30, 1867, it is stated that— 

One thousand three hundred linear feet of that breakwater had been built. It con¬ 
sists of triangular frames placed at iutervals of 4 feet, covered with 2’inch plank, set 
in a trench 12 feet wide and 3 feet deep, the trench and frame being filled to the level 
of the ground. It is situated on the crest of a ridge of saud, of about 3 miles in extent, 
and of an average width of 800 feet. At intervals along this ridge there aTe depres¬ 
sions, through which the sea breaks with great violeuce. It is in these intervals 
that the breakwater is placed. 

In 18G7 other work was added by the State of Massachusetts, at an 
expense of about $2,000. 


These works were then deemed sufficient to resist any action of the sea, but a storm 
in the autumn of 1867 carried away some of the more exposed portions, and a second, 
occurring the subsequent winter, when tides were highest, carried away about 1,000 
linear feet of the strongest portion of the work, besides doing other damage, leaving 
the northern portion of the beach, adjacent t-o the main entrauce of the harbor, en¬ 
tirely unprotected from the open sea, save by some remaining portions of a work com¬ 
pleted in 1832, and the beach itself so much reduced as to l>e entirely submerged, at 
extreme high tides v for a length of 1,500 feet. The sand was such that while a slight 
action of the sea would raise the beach, the prevailing winds and heavier seas would 
drive the sand iuto the channel, and it was evident that a severe storm wonld not only 
seriously injure the beach thus unprotected, but also the maiu chaunel, and leave it 
entirely exposed to further encroachments. 

Under an additional allotment of $7,500, made in August, 1868, out 
of the appropriation of July 25, 1868, 200 linear feet of substantial crib- 
work of timber, covered with plank, and 175 linear feet of triangular 
work (similar to that built in 1866) were built by contract in the autumn 
of 1868, for the farther protection of Long Beach, where injured by 
storms of the previous autumn, Major Smith having been in charge of 
the work. 

Under the appropriation of $10,000, made by act of July 11, 1870, a 
contract was made by the late Lieut. Col. J. G. Foster, Corps of Engi¬ 
neers, then in charge of the work for the construction near the outer 
end of Long Beach of about 1,700 linear feet of bulkhead aud jetties, 
built of frame-work and filled with brush and ballasted with stone. 
This work was commenced September, 1870, aud completed before the 
dose of that season. 


In May, 1871, the charge of Plymouth Harbor improvement was trans¬ 
ferred to Lieut. Col. George Thom, Corps of Engineers, by whom con¬ 
tracts were made under the appropriation of March 3, 1871, for com¬ 


pleting the projected bulkhead aud jetties on the extremity of Long 
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Beach, at $3.86 per linear foot, and for furnishing and placing grauite 
grout upon the stone bulkhead, to connect the outer end of tbe beach 
with the beacon, at $2.25 per ton. Work was commenced under both 
contracts in June, 1871; that on the brush bulkhead and jetties was 
finished in August, 1871, 641J linear feet having been built under the 
contract, and the contract for the stone was completed in September, 
1871, 2,028 tons having been furnished. The balance of the appropria¬ 
tion of 1871 was applied to the repairs of the bulkhead and jetties pre¬ 
viously built upon Long Beach, in places where they bad been damaged 
by storms, and to the planting of beach-grass on the beach, where most 
necessary for its preservation. 

Under the appropriation of June 10, 1872, ($2,500,) the following re¬ 
pairs were made in July and August of that year, viz: 

1 . lu making about 200 linear feet of brush bulkhead and jetties, to 
replace that damaged by the storm in November, 1871; 

2. In strengthening the outer part of the bulkhead with 613 tons of 
stone, purchased for that purpose; 

3. In making 300 linear feet of single brush jetties, and 250 linear 
feet of small stone jetties; and 

4. In plantiug 10,800 hills of beach-grass. 

This work was done by hired labor, and with materials purchased in 
open market, as authorized so to do. 

The appropriation of $3,000, made by act of March 3,1873, was applied 
to continued repairs upon all the works previously built; to the build¬ 
ing of stone and brush groins outside aud inside the bulkhead at tbe 
outer end of Long Beach, and to planting over 10,000 hills of beach- 
grass on the newly-formed beach and in other places where most neces¬ 
sary; 

The appropriation of $5,000, made by act of iTune 23, 1874, was ap¬ 
plied to the completion of all the stone and brush groins on the outer 
end of Long Beach ; to increasing in height aud strength the stone 
bulkhead connecting the beacou with the outer end of the beach; 
to building a small bulkhead of frame-work, brush, and stone, 290 feet in 
length, for protecting the beach about 1 mile from its inner end; to 
planting beach-grass and making repairs where most necessary for the 
protection and preservation of Long Beach. This work was done by 
hired labor aud with materials purchased in open market, and was 
completed in August, 1875. 

From the foregoing it is seen that the several amouuts that have been 
allotted to and appropriated for the improvement of Plymouth Harbor 
since 1866 have been applied to the construction of bulkheads, jetties, 
and groins, and the planting of beach-grass where most necessary for 
protecting and strengthening Long Beach throughout its whole extent 
of about 2$ miles. 

These bulkheads consist of triangular frames, (built in 1866 and 18G8,) 
or of crib-work of timber covered with plank, (built in 1868,) aud those 
built in 1870 and 1871 of a frame-work well secured in the ground, filled 
with brush and ballasted with stone, that connecting the outer end of 
the beach with the beacon being built entirely of rubble-stone. 

The jetties consist of a frame work filled with brush and ballasted 
with stone, and the groins of small stoues intermixed with brush, and 
sometimes of brush aloue. These groins, 33 in number, are built out per¬ 
pendicularly from the main bulkhead on the seaward side, varying in 
length from 75 to 265 feet, aud aggregating 5,250 feet in length, and 
from 50 to 150 feet apart. Others have been built inside the bulkhead 
in places where most necessary. They w ere made by placing brush 
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upon the surface of the beach and piling upon it beach-bowlders to a 
height of about 2 feet and for a width of 5 feet. The brush-groins were 
made by digging a trench 2 feet by 2 feet, and placing brush in it 
upright and as close as practicable, the brush being held by sand being 
thrown into the trench and well rammed down, aud sometimes further 
protected by small bowlders placed in a row along the sides of the groin. 
The brush rises about 2 or 3 feet above the surfaoe of the beach. 

The bulkheads aud jetties had already accumulated a large quantity 
of sand, forming a ridge throughout its whole extent, but with a view 
to increasing its strength and efficiency, the several groins have been 
built, and have fully auswered the purpose for which they were intended. 
Beach-grass has been planted, and covers nearly all this newly-formed 
beach, which is now in an efficient condition. Repairs will, however, con¬ 
tinue to be necessary from time to time, as they uoware, along this beach, 
exposed as it is to injury by violent storms. Something more should 
also be done for increasing the efficiency of the stone bulkhead at tbe 
outer end, and its connection with the beach, the estimated cost of which 
is as follows, viz: 


1. 1,000 tons rubble-stone, at $2... $2,000 (K) 

2. Kepairs of bulkhead near inner end of beach, (partially burned of late)... 250 00 

3. Kepairs of bulkhead and jetties. 750 00 

Adding for contingencies, say. 500 00 


Total. 3,500 00 


A survey was made of this harbor in February, 1874, under my direc¬ 
tion, in compliance with a resolution of the House of Representatives 
dated December 10, 1873, “with a view to dredging and improving the 
same, so as to afford greater protection and facilities to commerce.” 

To make this portion of the harbor practicable for “beating up” with 
sailing-vessels would require a width of not less than 500 feet, which 
would necessitate the excavation of about 80,000 cubic yards of hard 
sand on the Middle Ground and Splitting Knife 'Bara, which ob¬ 
struct the present chaunel, and about 320,000 cubic yards of mud aud 
clay between the Middle Ground and Long Wharf, at a probable 
cost of not less than $170,000, and with a likelihood that tbe improve¬ 
ment would be but temporary, as the same causes which have already 
produced the existing shoals would, it is more than probable, reproduce 
them. Should it be decided to improve this harbor by dredging, it is 
recommended that it should be applied to the opening of a channel 100 
feet in width and 6 feet in depth at mean low-water, from the end of 
Long Wharf outward iu continuation of the present main channel above 
the Middle Ground. A channel of this width would euable vessels 
to be towed up to the vicinity of the wharves of the town, aud would 
probably be kept open by the scour of the ebb-tide deflected into it from 
Town Brook. 

The estimated cost of this chaunel was as follows, viz : 


Sixty-four thousand cubic yards, at 40 cents per cnbic yard.$25,600 00 

Add for contingencies, say..... 2,400 00 


Total.. 28,000 00 

Under the appropriation of $10,000, made by act of March 3,1875, for 
improving this chaunel as above projected, a contract was made May 13, 
1875, with Mr. Augustus R. Wright, of Geneva, N. Y., the lowest bidder, 
at 23 cents per cubic yard, as measured iu the scows, for 35,000 cubic 
yards, more or less, of dredging, to be applied to the partial excavation 
of the projected chanuel. Dredging was commeuced uuder this contract 
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on the 19th of April, 1876, and was completed on the 21st of Jnne, 1876, 
resulting in 34,985 cubic yards of dredging, whereby a channel was 
opened up to the wharves of Plymouth for a width of 50 feet, and to a 
depth of 6 feet at mean low-water. 

After further considering the wants of commerce and the facilities 
required, it is recommended that a basin be excavated at the upper eud 
of the channel in front of the wharves where vessels may lie secure and 
be able to pass each other at any stage of the tide. Here it now averages 
1 foot bare at mean low-water, and it is recommended that the basin be 
excavated to a depth of 8 feet at mean low-water, for an area of 12,500 
square yards, which would require about 45,000 cubic yards of dredging 
in addition to that called for in the estimate submitted in February, 
1874. With this modification in the project, the following estimate is 
submitted for completing the improvement of this harbor, viz: 


1. 30,000 cubic yards of dredging for completing ch&nuel as per original 

estimate, at 30 cents per cubic yard..... $9,000 00 

2. 45,000 cubic yards additional for basin, at 30 cents per cubic yard. 13,500 00 

3. For continuing the works for the protection and preservation of Long 

Beach. 3,500 00 

Adding for contingencies, say.. 4,000 00 


Total 


30,000 00 


The amount of revenue, commerce, and navigation for this port is 
shown in the accompanying letter of the United States collector of 
customs. 


Money statement . 

July 1, 1876, amount available. 

July 1, 1877, amount expended during fiscal year. 

July 1, 1877, amount available. 

Amount (estimated) required for completion of existing project. 

Amount that can be profitably expended iu fiscal year ending June 30,1879. 


$327 42 
233 50 
93 92 
30,000 00 
30,000 00 


COMMERCIAL STATISTICS. 

Custom-House, Plymouth, Mass., 

Collector8 0ffi.ee, July 10, 1877. 

Sir: I have the honor to acknowledge the receipt of your letter of the llth ultiroo, 
and in auswer beg leave to infirm you that during the year ending December 31,1876, 
the amount of revenue collected at the port of Plymouth was $16,478.83. 

Amount of domestic merchandise exported to foreign ports. $14,750 00 

And during the same period the entrances and clearances, foreign, were.6 vessels. 

The number of arrivals, coastwise, at this port consisted of— 

47 cargoes of coal, amounting to. 10,152 tons. 

23 cargoes of iron, amounting to. 2,103 tons. 

1 cargo of sand, amounting to. 175 tons. 

16 cargoes of lumber, amounting to. 2,225,000 feet. 

13 cargoes of salt, amounting to. 560,900 pounds 

22 vessels from the GrandBaok fisheries with \ yal'ue: «6 00 

7 vessels from the Bay fisheries with 4,980 barrels mackerel, value.; 39,470 00 

4 vessels from the lobster-fisheries with 129,000 lobsters, value. 7,740 00 


Total value of fisheries. 121,585 00 

Besides the above, there were sundry cargoes of nails, hollow ware, hoops, staves, 
barrels, hay, and other commodities to and from Plymouth, coastwise, in our regular 
packets, not enumerated therein. 

I am, with respect, your obedient servant, 

Thomas Lorixg, 

Collector. 


Bvt. Brig. Gen, George Thom, 

Lieut. Col. of Engineers, U. S. A. 
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IMPROVEMENT OF PROVINCETOWN HARBOR, MASSACHUSETTS. 

The following amounts have been allotted to and appropriated for the 
preservation of this harbor since the resumption of work on rivers and 
harbors in 1866, viz: 

Amount a 1 lotted in 1866 from appropriation made for harbors on the At¬ 


lantic coast..... $15,000 00 

Amount appropriated by act June 2d, 1866 . 43,068 44 

Amount allotted under act of April 10, 1869 . 9,000 00- 

Amount appropriated by act of March 3, 1*71. 6,000 00 

Amount appropriated by act of June 10, 1872 . 5,000 00 

Amount appropriated by act of March 3, 1873. 6,000 00 

Amount appropriated by act of June 23, 1874 . 6,000 00 

Amount appropriated by act of March 3, 1875. 5,000 00* 

Amount appropriated by act of August 14,1876 . 4,000 00 


Total... 99,068 44 


Under the above appropriations, the following work has been done to 
date for the preservation of this harbor, viz : 

1 . Bulk-heads aud jetties of various descriptions have been built from 
time to time aloug Beach Poiut, for its preservation and protection* 
both by the United States Government and by the local authorities. 

2 . A dike was built in 1868 and 1869 by the State of Massachusetts 
across the outlet of East Harbor Creek. 

3. A dike was built in 1868 aud 1869 by the United States Govern¬ 
ment across East Harbor Creek at the Wading Place, near High Head* 
about 2 miles above the outlet of the creek. 

4. Wooden bulk heads and jetties have been built at different times 
for the protection and preservation of the beach on Long Point. 

5. A stone bulk-head has been nearly completed for the protection 
and preservation of the outer end of Long Point, the light house, and 
Tbree gun Battery. 

6 . A substantial dike (272 feet in length) was built in 1871-72 across 
the head of Lancey’s Harbor, near Abel Hill. 

7. Beach-grass planted ou Beach Point, Loug Point, Abel Hill, Cove 
Section, and Oblique Section, and at the last two places brush has also 
been laid for their further protection. 

8 . The projected extension of the several jetties on Beach Point and 
State Dike has been completed. 

9. A bulk bead and six jetties built for the preservation and protec¬ 
tion of the beach at Cove Section, near High Head, were encroached 
upon by the extraordinary gales of November, 1873, and January, 18J4. 
This bulkhead is 607 feet in length, aud the jetties have an aggregate 
length of 126 feet. They consist of a frame-work filled with brush and 
ballasted with stone, and were completed in December, 1874. 

10. Accurate resurveys made in 1871,1872,1873,1874,aud 1875ofCove 
Section, Oblique Sectiou, Beach Poiut, and Loug Point, together with 
elaborate soundings aud current-observations in the inner harbor. 

The resurveys made of Cove Section in August, 1875, showed that 
since the completion of the bulkhead and jetties in December, 1874, the 
sand had accumulated in front of those works to so great an extent that 
the beach had been raised 4 feet, on au average, between the works and 
the crest of 1874, and that outside the crest of 1874 the sand had accu¬ 
mulated to au increased height of 11 feet, throwing outward the high 
and low water lines respectively 90 feet and 105 feet since 1874. A re¬ 
cent inspection of the work showed continued improvement to such an* 
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extent that it is believed that this weak portion of the beach is now se¬ 
cure against further encroachment by storms. These works, however, 
as well as the dikes at High Head and Abel Hill, and others built for 
the preservation of this harbor, require continuous watching and re¬ 
pairs. The stone bulkhead, also, on the extremity of Long Point is now 
being extended farther up the beach as well as around the extremity of 
the point, to insure its preservation, as well as that of the light-house 
upon it. The following is an estimate of the cost of the work remaining 
to be done for completing the projected improvement of this harbor, viz: 

1. Rawing and extending the stone bulkhead for the protection and pres¬ 
ervation of Long Point, near the light-house, and Three-gun Battery, 

• 1 . t r ° ° An ..a /ut 


in completion of same.*. $2,112 00 

2. Repairs of brtlkhead and jetties on Beach Point and Cove Section_. 250 00 

a. Repairs of dikes at High Head and Abel Hill. 250 00 

4. Planting beach-grass for preserving and strengthening the outer beach.. 600 00 
Adding for contingencies. 958 67 


Total. 4,170 67 

Amount available July 1,1877 . 3,170 67 

Additional amount required for fiscal year ending June 30,1879.... 1,000 00 


In regard to the estimates for the work done for the preservation of 
this harbor, they appear to have generally agreed with the amounts that 
have been appropriated and expended therefor. Much of the work, 
however, has been for repairs and extensions not foreseen, but absolutely 
necessary to be made as they occurred, for which no previous estimates 
could be made. 

Under the appropriation of Augast 14, 1870, proposals were invited 
for furnishing large quarry-grout and small rounded bowlders for the 
bulkhead on Long Point, and in response thereto six bids were received 
for each; and contracts have been made with the lowest bidders, as fol¬ 
lows, viz: 

1. With Mr. Alphens C. Peirce, of Eockport, Mass., for 1,000 tons, 
more or less, of large quarry-grout, at $1.59 per ton of 2,240 pounds, 
the same to be delivered on or before the 15th of August, 1877 ; and 

2. With Mr. Isaac A. Sylvester, of Quincy, Mass., for 700 tons, more 
or less, of small rounded bowlders, at $1.48 per ton of 2,240 pounds, 
the same to be delivered on or before the 30th of August, 1877. 

Under the contract made with Mr. Peirce, 558J tons of large stone 
have been furnished up to the 1st of July. 

Some beach-grass has also been planted on the outer beach, at Cove 
Section. 

Provineetown, in which the above-described works are situated, is a port of entry 
within the collection district of Barnstable, Mass. 

The following information in regard to the revenue and commerce of 
this port for the year ending December 31, 1876, has been furnished by 
the United States collector of customs at that place, viz : 


Amount of revenae collected for the year. $2,081 29 

Amount of exports........ 12,071 00 

Amount of imports.. 4,739 00 

Number of arrivals aud departures of vessels, about. 11, -100 


Abstract of proposals received and contracts made during the past 
fiscal year arc hereto appended. 
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Money statement. 


July 1, 1876, amount available. $4% 07 

Amount appropriated by act approved August 14, 1876. 4,000 00 

-- $1, 400 07 

July 1,1877, amount expended during fiscal year. 4117 40 

July 1,1877, outstanding liabilities .. 888 00 

-— 1,325 40 


July 1,18//, amount available.. 3,170 C7 


Amount (estimated) required for completion of existing project.., .... 1,000 00 


Amount that can be profitably expended iu fiscal year ending J uue 30,1870... 1,000 00 

Abstract of proposals received May 26, 1877, for furnishing rubble-stone for the bulkhead on 
Long Point , Provincetown Harbor, Massachusetts . 


Price per tan qf 
1 [i pounds. 


Bidders. 


Residence. 


I 


1 1 Alpheus C Peirce . 

*2 Isaac A. Sylvester .. 

3 Charles T. Derry ... 

4 Charles H. Bragdon 

5 Isaac Hamilton. 

6 Francis Locke. 


Rock port, Mass. 
Quincy, Mass ... 

; Sharon, Mass ... 

Biddeford. Me .. 

1 Portland, Me ... 
Gloucester, Mass 


£ 

it 1 

Y ^ i 

& ** i 

! tT 

1 *2 \ 

it 

£2 

~ z 

S-5 


f i o:i 

\ (j* 

1 48 

l 75 

1 73 

1 1 83 

t 83 

! 1 93 

1 75 

2 

2 ill 


Abstract of contracts made during the fiscal year ending June 30, 1877, for the improvement 
of Provincetown Harbor, Massachusetts. 


o 

2 


3 


Contractors. 


Nature and location of w rk- 



| FOH BULKHEAD OX LONG POINT, 

1S77. I 

May 31 Alpheus C. Peirce, Rockport Mass... 1.000 tons, more or less, large qn -v-gran! - - ?l 1W 
Jane 4 Isaac A. Sylvester, Quincy, Mass TOOtons, wore or less, small rounded bowlders 1 4£ 
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ANNUAL REPORT OF MAJOR G. K. WARREN, CORPS OF 

ENGINEERS, FOR THE FISCAL YEAR ENDING JUNE 30, 1877. 

Engineer Office United States Army, 

Newport , R. July 2, 1877. 

General : I have the honor to forward herewith the annual reports 
of improvements and surveys of rivers and harbors under my charge 
for the past fiscal year. 

The improvements are thirteen in number. Of these, appropriations 
are asked for in but five places in order to complete the works already 
begun, or to make what has been done of benefit. Of these latter, 
Hyannis Harbor ($10,000) and Taunton River ($5,000) are in Massa¬ 
chusetts. Removing Bulkhead Rock, ($5,000,) is in Rhode Island; 
Little Narragansett Bay, ($23,000,) is between Rhode Island and Con¬ 
necticut ; and Saybrook Bar, at the mouth of the Connecticut River, 
($45,000,) is in Connecticut. 

The improvement of Hyannis Harbor is to seeure permanence to what 
has been done, which is to make it a harbor of refuge for the general 
coasting-trade passing Monomoy and Cape Cod. That of Taunton 
River is local to the business of that stream, and is to insure 9 feet 
draught at high-water up to Taunton. Bulkhead Rock is a danger to 
large vessels bound to Providence, R. I. Little Narragansett Bay is 
shoal, and the proposed improvement is to dredge a channel through it 
to facilitate business upon Pawcatuck River, which has been already 
improved by the United States, and also to facilitate communication 
between Stonington and the summer-resort at Watch Hill. That at 
the month of the Connecticut River is for the benefit of commerce along 
its entire valley, and if carried as it may be, to furnish a harbor of 
refuge for the general eoasting-trade. 

The improvement of a river and harbor is in these reports considered 
closed when the works of improvement planned under previous author¬ 
ity of Congress are completed. 

The improvement itself cannot be considered complete. As soon as 
facilities for vessels of a given draught are secured, larger ones begin 
to seek the new channel or harbor aud new demands are made, and 
though I know this to be the case in many places, I have thought it 
was not my duty, but that of those interested, to ask for further appro¬ 
priations for additional facilities. 

The harbor at Block Island is a notable instance of this kind. There 
the breakwater designed for local purposes is demonstrating the impor¬ 
tance of extending the work so as to make a harbor for the purposes of 
general commerce. 

There has been no improvement under my charge, except, perhaps, 
the breakwater at Hyannis, Mass., which has not been largely local in 
its benefits, benefiting the public maiuly in facilitating dealings with 
that locality. These improvements, however, have commonly been of 
an inexpensive character, and so distributed as to bcome, as a system, 
public. 

13 E 
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There is, however, a class of works, mere harbors of refuge, needed 
along this coast, which are in no sense local and of no special benefit to 
the locality where placed. They correspond to the first-class lighthouse 
on oar ocean headlands, or to the removal of such obstructions as the 
rocks at Dell Gate, or to the improvement of the Des Moines Rapids of 
the Mississippi. 

Several such first-class artificial harbors contiguous to the course of 
the great stream of coastwise commerce are needed, and it seems to me 
most desirable that Congress should authorize a board of engineers to 
consider and report upon this subject for the Atlantic coast. 

I make this suggestion because of its public importance, and for the 
further reason that it cannot originate from local interest as the other 
works generally do. 

Very respectfully, 


G. K. Warren, 

Major of Engineers , Bvt Maj . Gen ., U. 8. A . 
Brig. Gen. A. A. Humphreys, 

Chief of Engineers U. 8 . A. 


B i. 

HYANNIS HARBOR, MASSACHUSETTS. 

The history of the improvement in this harbor, the condition of the 
breakwater, and the necessity for further appropriation to complete the 
repairs, are given in my report for 1875. (See report of the Chief of 
Engineers for 1875, Parc II, pp. 266-268.) 

Nothing has been done during the fiscal year because of the small 
amount of money available. The work does not appear to have sus¬ 
tained any notable injury during the year, but it needs strengthening at 
the base, and it is for this purpose that a farther appropriation is required. 
The estimate for repairs made by me in 1874 was $25,000—of this, but 
$15,000 have been appropriated. 

The light-hoase should be rebuilt and placed on the east end of the breakwater, as 
has been suggested in previous reports. 

Hyannis is in the Barnstable collection-district. Barnstable is the nearest port of 
entry. The amount of revenue collected there in the year ending June 30, 1877, is not 
known to this office. 


Money statement . 


July 1,1876, amount available. $42 94 

July 1, 1877, amount available. 42 94 

Amount (estimated) required for completion of existing project. 10,060 09 


Amount that can be profitably expended in fiscal year ending Jane 30,1879. 10,000 00 


B 2. 


WAREHAM HARBOR, MASSACHUSETTS. 


A survey of this harbor was made in 1871, and a plan of improvement, 
including the removal of a ledge and bowlders at the mouth of the 
Weweautic River, with estimate of cost, was submitted in December of 
that year by General George Thom, Lieutenant-Colonel of Engineers. 

This plan of improvement was for a channel 250 feet in width through 
Quahaug Bar and 9 feet deep at mean low-water, requiring the removal 
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of 41,260 cubic yards; and also the widening and straightening of the 
channel below the Franconia Iron Works, requiring the removal of 
45,300 cubic yards. The total of 86,560 yards was estimated to cost, at 
the rate of 45 cents per cubic yard— 


86,560 cnbic yards, at 45 cents. $38, 95*2 

Contingencies.. 3, 04 K 

Removing ledge and bowlders at We wean tic. 3, uuO 


Total... 45,000 


By act of Congress approved June 10,1872, $10,000 was appropriated 
for this work. The work came under my charge Jane 30, 1872* 

A contract for dredging at 34£ cents per cubic yard was made after 
duly advertising for proposals. Congress by act approved March 3 t 
1873, appropriated $10,000 for continuing the improvement. A con¬ 
tract for continuing the work was made under this appropriation at 30$ 
cents per cubic yard. Under these contracts there was removed: 

Cable jarcls. 


At Qosbang Bar. 21,862 

At Upper Bar and np to the wharves.24,901 

Total.40,763 


Also, one bowlder weighing about 28 tons. 

During the progress of this improvement another survey was made 
of the harbor, from which a revised estimate was submitted. The re¬ 
port upon this survey is printed in the report of the Chief of Engineers 
for 1874, pp. 216-220. 

The amount of this revised estimate was $20,000 in addition to what 
had already been expended; it called for the removal of 41,186 cubic 
yards from different parts of the channel, and for the removal of rocks 
to the amount of $3,000 at “ Four Buoys,” near the entrance to the 
harbor, although this place had not been included iu our surveys* 

By act of Congress approved Juue 23,1874, $10,000 was appropriated. 
A contract was made for continuing the improvement at 20 cents per 
cubic yard, under which 43,514 cubic yards were removed. By act of 
Congress approved March 3,1875, $10,000 were appropriated ior this 
work. A contract was made at the rate of 20 cents per cubic yard. 
Under this contract 33,397 cubic yards were removed. 

The whole quantity dredged in this harbor has been : 

Cable yardn. 


Up to 1874 . 46.7C3 

In 1875.43,514 

In 1876 .‘..... 3 


Total.123,674 

This quantity is nearly 50 per cent, more than was estimated for, 
which we were enabled to do on account of the price per yard being 
less than estimated. The channel made is from 250 to 300 feet wide and 
10 feet deep at mean low-water from Long Beach at the entrance of the 
harbor, up to the upper bar; thence to the bridge at the upper end of 
the harbor it is from 100 to 300 feet in width and 9 feet deep at mean 
low-water. 

During the past fiscal y^ar a survey was made at the u Four Buoys,” 
where the channel iuto the harbor passes near a rocky point, which lies 
about 4,000 feet outside of Long Beach. The channel here for a dis¬ 
tance of about 600 feet is about 200 feet in width, with a depth of from 
13 to 15 feet at mean low-water. On either side of this channel are 
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numerous bowlders of varying sizes, lying on the bottom, the removal 
of which would be attended with an expense far in exeess of the bene¬ 
fit to be derived. 

We could not learn that any vessel had ever struek them to cause 
any great damage to themselves. The channel through this reef is 
marked by four buoys, two at each end. A straight line drawn between 
the two buoys on the left side of the channel would leave some bowlders 
on the channel side, but as neither the flood nor the ebb tide sets on 
this point, it is not regarded as an important matter. The pilots say 
44 we always give the black buoys a good berth coming in, 77 and there¬ 
fore they have not strnck the rocks outside of the line. Above and be¬ 
low the 44 Four Bnoys 77 there is a good 44 beating 77 channel. A map ac¬ 
companies this report, showing the improvement and the channel at 
44 Four Buoys. 77 

The formation of Quahang Bar, just inside of Long Beach, is by seme 
people attributed to the sand carried over the beach in storms from the 
shoal outside. While this may not be the sole cause of the bar, there 
is a large amount of sand deposited there from this source. To prevent 
this, it is proposed to use the available funds in building a brush fence 
along the beach, weighting it with stone found above low-water outside 
of the beach. This fence is designed to raise the beach above high- 
water, and by arresting this sand to hold it there permanently. 

This improvement will then be completed, and no farther appropria¬ 
tion is needed, unless a greater capacity of harbor shall be required than 
when the plan was adopted. 

Wareham ia a port of delivery. It is in the New Bedford collection-district, and 
New Bedford ia the nearest port of entry. The amount of revenue collected there 
daring the fiseal year ending June 30, 1876, was $9,710.04. 

Monty statement . 


July 1,1876, amount available. $7,024 78 

July 1, 1877, amount expended during fiseal year. 4,967 04 

July 1,1677, amount available. 2,057 74 


B 3- 

KEW BEDFORD HARBOR, MASSACHUSETTS. 

I 

The survey upon which the plan and estimate for the improvements 
were based was made in the summer of 1874, and the report submitted 
November 30,1874. This was printed as part of H. Ex. Doc. 75, Part 
III, Forty-third Congress, second session, and in the Annual Beport of 
the Chief of Engineers for 1875, Part II* pp. 283-285. 

With the appropriation of $10,000 made by act of Congress approved 
March 3,1875, a channel 105 feet wide and 15 feet deep at mean low- 
water was made from the deep water near Fair Haven wharves to the 
deep water at the New Bedford wharves. The line of the new chaired 
was slightly changed from the first design to get better ranges. 

The appropriation of $10,000 made by act of Congress approved 
Angnst 14, 1876, was not made available until April 30, 1877. Adver¬ 
tisement inviting proposals was made May 8, 1877, and on the 8th of 
June the following were received: 
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Abstract of proposals received at the Engineer Office, United States Army , Newport, Rhode 
bland , June 8, 1877, at 10 a. m., for dredging in New Bedford Harbor , MawtuhitmtU. 


Name and address of bidder. 


W. H. Molthrop, New London, Conn- 

H. N. <fc A. J. Beardsley, Bridgeport, Conn 

T. C. Jeffers, Albany, N.Y. 

Morris F. Brainard, Albany, N. Y. 


Providence Dredging Co , Providence, R. 1 

John H. Fenner, Albany, N. Y.I 

Morris Sc Comings Dredging Co., New 
York City. 

William Flannery, New York City. 


Price per cubic 
yard. 

Commence— 

Complete— 

wQ 

E* 1 - 
— ? 

*3 

CJ3 

si 

3 

Cents. 

104 

“ Soon as required ”... 

November 30 ... 

87, @05 


August 1. 

December l 

Tti.SFO 

13 

June 20. 

November 30 , . „ 

m, 231 

13* 

July 1. 

Novembers® 

CL 

15 

June 20. 

November 3® .. „ 

i]0 K (JUO 

17 

June 20. 

November30 ... 

52,941 

30 


November to ... 

43, 000 

23 

June 20. 

November 30 ... 

30,130 


The contract was awarded to William H. Molthrop, of New London, Conn. 

In my last annual report on this work I recommended an additional 
appropriation of $4,000, to complete the improvement in accordance 
with the original plan and estimate. The low price at which the work 
has been contracted for this year will, it is thought, enable us to com¬ 
plete the improvement with the present appropriation. 

New Bedford is in the New Bedford collection-district, and is a pori of entry. The 
amonnt of reveuue collected there in the fiscal year ending June 110, 1870, was 
$9,710.04. 

Money statement. 


July 1,1876, amonnt available.. $7:1 87 

Amonnt appropriated by act approved August 14, 1876.. 10, UU0 00 


10,073 H7 


Jnly 1,1877, amount expended during fiscal year.... 419 27 

Jaly 1,1877, amonnt available. 9,054 00 


B 4. 

TAUNTON RIVER, MASSACHUSETTS. 


The only work done on this improvement since the end of the last 
fiscal year'has been the removal of 93.18 cubic yards ot rock from Peter’s 
Point and the “Nook.” 

To make the channel so as to allow vessels of 9 feet draught to reach 
Taunton at high-water without difficulty will require the dredging of a 
sand-bar above Berkley Bridge, and the removal of isolated bowlders 
between the “ Needles 19 and Wickamount. The least width in the cuts 
is 60 feet. 

Sixty thousand dollars have been appropriated and spent for this 
river. The $5,000 now asked for is an increase above ray former esti¬ 
mate for accomplishing the object intended, owing to the discovery of 
more obstructions. 

A history of this improvement may be found in Annual Report of 
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Chief of Engineers for 1876, Part I, pp. 203,206, and in Annual Report 
for 1875, Part II, p. 285. 

Taunton is in the Fall River collection-district, and that place is the nearest port of 
entry. The amount of revenue collected there during the fiscal year ending June 30, 
1876, was $6,372.35. The business done in Taunton River is large. 

s Money statement . 


July 1,1876, amount available.$1,205 90 

July 1, 1877, amount expended during fiscal year. 1,104 97 

July 1,1877, amount available. 100 93 


Amount (estimated) required for completion of existing project. 5,000 00 

Amount that can be profitably expended in fiscal year ending June 30,1879. 5,000 00 


B 5. 

.FALL RIVER HARBOR, MASSACHUSETTS. 

At the beginning of the fiscal year the amount available for this work 
was $597.55. By act of Congress approved August 14, 1876, $10,000 
was appropriated for it. This appropriation was not made available 
until April 30,1877. 

Advertisements inviting proposals were issued May 8, and on June 8 
the following were received: 

Abstract of proposals received at the Engineer Office , United States Army, Xetcport, Rhode 
Island , June 8, 1877, at 10 a. m., for dredging in Fall River Harbor , Massachusetts . 


Number. 

1 

Name and address of bidder. 

Price per cubic yard 
dredging. 

Price per cubic yard 
rock. 

ot 

*1 

H 

n 
> * 

! 

j j 

s 

a 

a 

© 

i « 

Complete— 

u 

& 

1 

S >> 

§S 

S' 

1 

J. H. Fenner, Albany, N. T . 

♦055 

♦8 

.707 

June 20 

Nov. 30 

12,729* 

2 

William Flannery, ftew York City. 1 

William H. Malthrop, New London, 
Conn. 

1 73 

8 50 

.8854 

June 20 

Nov. 30 

10,1«7 

3 

93 

I 

93 

.93 

Soon as 
required. 

Nov. 30 

9,677 

4 

Morris & Cumings Dredging Company, 
New York City.* 

98 

98 

.98 

June 20 

Nov. 30 

9,183} 

5 

Morris F. Brainard, Albany, N. Y. 

75 

13 00 

.9950 

July 1 

Nov. 30 

9,046 

6 

T. C. Jeffers, Albany, N. Y. 

1 50 

7 00 

1.61 

June 20 

Nov. 30 

5,590 


* Provided bowlders do not exoeed 2 per cent. 


A contract has been made with the lowest bidder, John H. Fenner, of Albany, N. T. 


In the plan submitted for the improvement of this harbor in report 
dated December 31, 1873, (see Annual Report of the Chief of Engineers 
for 1874, pp. 284-286, Part II,) the estimated cost was $45,000, and 
$30,000 has been appropriated. 

The prices at which the work has been done have been so much less 
than estimated that the funds now available will complete the improve¬ 
ment as designed, should the bowlders not be more numerous than they 
have been in the part of the channel already deepened. The improve¬ 
ment designed was to make a channel to and along the wharves 12 feet 
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deep at mean low-water, the mean tide being 4 feet. This channel is to 
be about 100 feet wide in the middle, widening to 300 feet at each end. 
Before it was began the depth varied from 5 to 12 feet. 

Fall River is in the Fall River collection-district, and is a port of entry. 

The amount of revenae collected there during the fiscal year ending June HD, 1876, 
was $6,372.25. 

Money statement . 


July 1,1876, amount available.... $597 55 

Amount appropriated by act approved August 14, 1876. ........ 10, UU0 00 

# 10 597 55 

July 1,1877, amount expended during fiscal year..... - 341 09 

July 1,1877, amount available...;__ 10, 356 47 


B 6. 

PAWTUCKET OR SEEKONK RIVER, RHODE ISLAND 

No work has been done in this river daring the past fiscal year* The 
remainder of the last appropriation is reserved to deepen certain shoals, 
which are reforming, or for the removal of any accidental obstruction 
which may take place. 

For a history of this work see Annnal Reports of the Chief of Engi¬ 
neers for 1874, Part II, p. 227, and for 1876, Part I, p. 207. 

Pawtucket River is in the Providence collection-district, and that place is the near¬ 
est port of entry. 

The amount of revenue collected there during the fiscal year ending June 30, 1876, 
was $182,352.57. 

Money statement 


July 1,1876, amount available.. $1,594 61 

July 1,1977, amount expended daring fiscal year.. - * 83 33 

July 1,1877, amount available...— . 1,511 29 


B 7- 

BULKHEAD BOCK, PROVIDENCE RIVER, RHODE ISLAND. 

The removal of the rock to 18 feet depth at mean low-water is of ini* 
portance to vessels entering or leaving the harbor of Providence. 

Under the appropriation of $2,500 made in 1870 it was removed to 14 
feet at mean low-water, but this depth is not enough. 

Providence River is in the Providence collection-district. Providence is the nearest 
port of entry. The amount of revenue collected there during the fiscal year ending 
June 30, 1876, was $192,352.57. 


Money statement. 


July 1,1876, amount available.... 

July 1,1877, amount available... 

Amount (estimated) required for completion of existing project........- 

Amount that can be profitably expended iu fiscal year ending June 30, 1879. 


$74 98 
74 98 
o,000 00 
5,000 00 
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B 8. 

NEWPORT HARBOR, RHODE ISLAND. 

The improvement of this harbor was essentially completed last year 
as far as designed. (See Annual Report of the Chief of Engineers for 
1873, pp. 964-967.) 

The small amount on hand at the beginning of the fiscal year had 
been reserved for contingencies, and with it we, assisted by the naval 
officers at the United States torpedo-station and by the Old Colony 
Steamboat Company, removed a large bowlder fronwthe channel be¬ 
tween the sonth end of Goat Island and Lime Rock light. This bowlder 
had but 11 feet on it at mean low-water, and in extraordinary low ran 
of tides not more than 9 feet. 

The steamboats have occasionally struck something in coming into the 
harbor, but it being at night and the vessel never sticking, the location of 
the obstruction and its nature had been a matter of conjecture. Last 
winter the large steamboat Bristol, in entering the harbor at time of very 
low water, struck on it so hard as to tear off a large amount of copper. The 
divers employed to examine her bottom reported that she must have 
struck a rock or an anchor. We then swept this part of the channel with 
two boats and a weighted line between them. This line after repeated 
trials caught, and a diver was sent down, and reported a bowlder about 
12 feet by 13 feet, and 5 feet above the bed. He brought up several 
pieces of copper similar to that on the Bristol. The rock was then 
shaken to pieces with charges of dynamite by Prof. W. N. Hill, of the 
torpedo station. The pieces were raised so as to leave a depth of 15 
feet at mean low-water. In sweeping for this rock a can-buoy was 
found, which was raised and returned to the Light-House Department. 

Another large bowlder, having but 9 feet on it at mean low-water, 
where the depth around it was 11 feet, was removed from the inner har¬ 
bor. This rock had to be brokeu with dynamite, like the other, before 
the schooner employed could raise it. 

The improvement of this harbor has been made by dredging a channel 
along the new harbor-line, with an approach 250 feet wide in the mid¬ 
dle part, and one 50 feet wide at the north side. Along the harbor¬ 
line the width varies from 85 to 105 feet, and the depth from 12 feet in 
the middle portions to 10 feet at the ends. Wharf-owners have now 
the opportunity of dredging from the new channel in to their wharves, 
or extending the latter out to the channel. A jetty was also built at 
the south end of Goat Island, which has served effectually to prevent 
the shore-sands and gravel from drifting into the inner harbor. 

No further improvement of the harbor is needed at present for its 
local business, except what should be done by private parties. 

The whole outer shore of Goat Island should, however, be protected 
by short jetties or by a sea-wall. 

Newport is in the Newport collection district, and is a port of entry. The amount 
of revenue collected daring the fiscal year ending June 30, 1876, was $258.20. 

Money statement. 


July 1,1876, amount available.$954 06 

July 1,1877,amount expended during fiscal year.. 923 92 

July 1,187.7, amount available. 30 14 
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B g. 

BLOCK ISLAND HARBOR, RHODE ISLAND. 

At the beginning of the present fiscal year the amount of funds avail¬ 
able for this work ($22,447.70) was too small to commence the building 
of the detached pier, which, unless completed, would prove a dangerous 
obstruction. 

By act of Congress approved August 14,1876, $40,000 was appropri¬ 
ated, but this was not made available until February 7, 1877. 

Advertisements were issued February 22 invitiug proposals for fur¬ 
nishing granite for continuing the work. On the 22d of March the fol¬ 
lowing proposals were received: 

Abstract of proposals received at the engineer office. United States Army , Xewport, Rhode 
Island , March 2*2,1877, at 10 a. m., for furnishing riprap-granite for Block Island break - 
water. 


Name and address of bidder. 



1 . Patrick Harrington Sc Co., Groton, Conn.. 

2 Simeon A. Chapman and A. D. Cook, Groton. Conn.. 

3 F. H. Ingerson and W. H. Molthrop, New London, 

I Conn. 

4 Francis H. Smith, New Tork City*. 

5 Ballon A Sylvester, Boston, Mass. 

6 Samuel Dale and Levi Moses, Springfield, Mass- 

7 I Beattie Sc Dresser, Guilford. Conn. 

8 ; D. V. Howell, New York City t.. 

9 Asa C. Palmer. Fayetteville, N. Y.t. 

19 I John F. Hamilton, Portland, Me.t. 

11 Staples Sc Phillips, Taunton. Mass. 

12 ; Clinton Stephens. New York City.I 

13 | Swift Sc Linker, Providence, R. 1 . 

14 Emil von Trentini, New York City. 

15 i John L. Hopkins. Vinal Haven. Me.;. 

| Colby Sc Trumbull, Lawrence, Mass.$. 


$1 29 
1 43 
1 55 


1 69 
1 69 
1 69 
1 70 

1 77 
1 88 

2 00 
2 08 
2 20 
2 20 
2 20 
2 90 
2 32 


Commence— 


May 1,1877 
May 1,1877 
Apr. 15,1877 

May 1,1877 
May 1,1877 
May 1.1877 
May 1,1877 
May 1,1877 
May 1,1877 
May 1,1877 
May 1,1877 
May 1,1877 
Mav 1,1877 
May 1,1877 
May 1,1877 
May 1,1877 


Complete— 


Nov. 30,1877 
Nov. 30,1877 
Nov. 30,1877 | 

Nov. 30,1877 | 
Nov. 30,1877 ; 
Nov. 30,1877 I 
Deo. 30,1877 
Nov. 30,1877 
Nov. 30,1877 
Nov. 30,1877 
Nov. 30,1877 
Nov. 30,1877 
Nov. 30, 1877 
Nov. 30,1877 
Nov. 30,1877 | 



If* 

3 


34, 573 
31,648 
29,032 

26.627 

26.627 
26,627 
26, 470 
25. 424 
23,937 
22,500 
21, 634 
20,454 
20,454 
20, 454 
15,517 
19,396 


' Guarantors’ signatures not witnessed. i Guaranty not properly made out. 

t Signature te proposal not witnessed. $ Received at 10.50 a. m.; not considered. 


The contract was awarded to Patrick Harrington & Co., of Groton, 
Oenn., at $1.29 per ton. They commenced work in May, and up to this 
date have placed 9,041.35 tons in the main work and in the detached 
piece. 

The work of putting in stone will be continued through the season. 
In addition to this work, it is proposed to employ a vessel with hoisting 
apparatus and divers to remove bowlders from the anchorage sheltered 
by the breakwater. 

The funds now available are thought to be sufficient to complete the 
smaller breakwater designed for the business of the island. 

The original survey, upon which estimates were made for this work, 
was made under direction of Col. D. C. Houston, United States Engineers, 
in 1867. 

A board of engineers was convened under date of February 18,1868, 
to report plans and estimates for this work. Their report was published 
as Senate Mis. Doe. Xo. 81, Fortieth Congress, second session. 

Estimates were made by this board for three breakwaters: 

First. One for a harbor large enough for a shelter for the largest 
vessels, the estimated cost of which was about $3,000,000. 
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Second. A breakwater for a harbor for local purposes, to exteud from 
the.shore out 500 feet to “5-foot rock,” to cost $372,000. 

Third. A breakwater for a harbor for local purposes, to extend to a 
point 300 feet beyond “ 5-foot rock,” to cost $553,798. 

The breakwaters for local purposes, estimated for by this board, were 
to be of riprap-stone, with the outer or seaward slope faced with stone 
of from 2 to 5 tons weight, and to be surmounted by a parapet or wall 
of cut stone above low-water. 

The work of construction was commenced in October, 1870, "by throw¬ 
ing in riprap-stone. The season’s work demonstrated that, to carry on 
this work cheaply, shelter must be had for vessels engaged on the work. 
This was done by building a timber-crib in the shore-angle of the break¬ 
water, inclosing an area about 250 by 300 feet, with an entrance 60 feet 
wide; this inclosure was dredged to 7 feet depth at mean low-water. 
The rise of the tide being about 3.2 feet, vessels drawing 10 feet can 
enter this basin at high-water. 

Instead of surmounting the’ breakwater with a parapet of cut stone, 
as proposed by the Board of Engineers, we have built it to the required 
height with riprap or quarry stone, thereby effecting a considerable sav¬ 
ing in the cost of the work. 

The present condition of the work is as follows: The main breakwater 
is completed to a point 500 feet beyond the “5-foot rock,” and 1,325 feet 
from the south side of the inner harbor or basin; this it is proposed to 
extend about 50 feet farther. 

The detached piece was commenced at a point 200 feet beyond, and on 
line with the outer end of the main work. 

The detached piece makes an angle of 15° to the left at a point about 
50 feet from the south end, and an additional 15° at a point 100 feet 
from the south end; from this point it is to be continued in a straight 
line as far as this contract for stone will build it. The present length of 
the detached pier is about 90 feet. It will probably be about 250 feet 
in length on completion of this contract. 

The following appropriations have been made for this work : 


July 1, 1870. $30,000 

March 3, 1871. 75,000 

June 10, 1872. 50,000 

March 3, 1873. 50,000 

June 23, 1874. 20,000 

March 3, 1875.;. 20,000 

August 14, 1876. 40,000 


Total. 1285,000 


In justice to the engineering of this work, it should be considered 
finished, according to the original plan of procuring sufficient shelter 
for the use of the business of the island. More shelter has been secured, 
and at a cost much less than estimated. Like all such works, it will in 
time need repairs, and like all such improvements, too, there will prob¬ 
ably be a need of extending it, for it has become the resort of numbers 
of fishing-vessels not connected with the island, and they sometimes 
quite fill the harbor. The mackerel-fishermen and menhaden-fishermen 
would at times fill up a harbor of double the present capacity, and it 
will undoubtedly be sought by ordinary coasters, to properly accommo¬ 
date which would require a harbor not less than four or five times the 
present capacity. 

The increase of area for anchorage can probably be doubled or trebled 
by removing bowlders and dredging, and as far as the enlargement can 
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be made in this way it is probably cheaper than by extending the break¬ 
water. 

At the close of this season’s work it is proposed to snbmit a final’ re¬ 
port, reviewing the subject in detail, and giving plans and estimates of 
cost of meeting the probable wants of the future. 

Block Island is in the Newport collection-district. Newport is the nearest port of 
entry. The amount of revenue collected during the fiscal year ending June 30, 1870, 
was $258.20. 

Money statement. 


July 1,.1876, amount available. $22,4 47 70 

Amount appropriated by act approved August 14, 1876. 40,000 00 

- $62,447 70 

July 1,1877, amount expended during fiscal year. 13,136 07 

July 1,1877, outstanding liabilities. 2,332 67 

- 15,468 74 


July 1,1877, amount available. 46,978 96 


B 10. 

t 

PAWCATUCK RIVER, RHODE ISLAND AND CONNECTICUT. 

The projected improvement of this river, viz, a channel 75 feet wide 
and 5J feet deep, was completed and reported on in my last annual re¬ 
port, since which time nothing has been done. The small balance from 
the last appropriation I have reserved to meet any contingency that 
might arise from the sinking of a vessel or other obstruction of the 
channel. A history of the improvement of this river is given in Annual 
Report of the Chief of Engineers, 1876, Part I, pp. 210,211. 

The Pawcatuck River is the dividing line between the Stonington and Providence 
collection-districts. Stonington is the nearest port of entry. The amount of revenue 
collected during the fiscal year ending June 30, 1876, was $1,284 at Stonington, and 
$182,352.57 at Providence. 


Money statement. 


July 1,1876, amount available. $176 37 

July 1,1877, amount expended daring fiscal year. 74 4 0 

July 1,1877, amount available. 101 97 


B 11. 


LITTLE NARRAGANSETT BAY, RHODE ISLAND AND CONNECTICUT. 


Congress, by act, approved March 3,1875, authorized a survey of this 
bay to be made. This survey was made by me, in accordance with in¬ 
structions dated March 22, 1875, in the. summer of 1875, and reported 
on under date of November 30,1875. (See Keport of Chief of Engineers 
for 1876, Part I, pp. 217-221.) The improvement recommended by me 
in this report was a channel 200 feet wide and 7£ feet deep at mean low- 
water, to be located along the north shore of the bay, to avoid the 
danger of being filled by shifting sands, and to give good sailing-ranges. 
This channel was to be made by dredging. In addition to the dredging 


Digitized by 


Google 











206 


REPORT OF THE CHIEF OF ENGINEERS. 


Work was commenced on June 19, and continued during the month. 
The complete removal will probably be effected early in July. 

The dredging* on the bars between Hartford and the mouth of the 
river will probably have to be continued through July and August 
There will then be about $5,000 or $6,000 available for this work; an 
amount too small to do much toward completing the improvement at 
the mouth of the river; and it is desirable to reserve it to remove any 
other obstruction which may get into the existing channel, such as 
wrecks or shoals, before Congress makes additional provisions. 

The case of the Connecticut River is one which should always be 
provided with a contingent fund.. I would urgently recommend the 
granting at once of a sufficient sum to complete the jetties at Saybrook , 
Bar. It is not unlikely that the east jetty may have to be extended 
upward to increase the flow of the water betwoen the jetties, and it 
may be necessary to carry a layer of stone across the river to the east 
of the jetties. 

There seems every reason to believe that the bar at the mouth of the 
Connecticut River, owing to the strong littoral current produced by the 
tides in Long Island Sound, is specially adapted to improvement by 
means of jetties, and that a* depth at mean low-water of 14 feet may be 
secured, when the jetties are completed, by auxiliary works, to throw 
more water between them, if there is not enough as at present designed. 

In the unfinished condition, however, they are of little use. It seems 
to be a case whose public importance justifies a very liberal expenditure, 
and as all of the last appropriation of $20,000 has been needed elsewhere 
on the river and in keeping up repairs here, I have renewed my former 
estimate of $45,000 for Saybrook Bar. 

The Connecticut River below Hartford is in the Middletown collection-district. 
Middletown is the nearest port of entry. 

The amount of money collected there ^during the fiscal year ending June 30, 1876, 
was $19,956.14. 

Money statement 


July 1, 1876, amount available. $165 42 

Amount appropriated by act approved August 14, 1876. 20,00000 


20,165 42 

July 1, 1877, amount expended during fiscal year. 9,451 67 

July 1, 1877, amount available. 10,713 75 


Amount (estimated) required for completion of existing project. 45,00000 

Amount that can be profitably expended in fiscal year ending June 30,1879. 45,000 00 


Bi 3 . 


CONNECTICUT RIVER ABOVE HARTFORD, CONNECTICUT, AND BELOW 
HOLYOKE, MASSACHUSETTS. 

The condition of the river has been such as to require no expenditure 
for improvements during the fiscal year ending June 30, 1877. If any 
shoals or other obstructions should give trouble to such vessels as can 
pass the Enfield Falls during the present year, the available funds will be 
used for their removal, and they are deemed sufficient to meet any such 
contingency. A thorough improvement of the Eufield Falls, as already 
reported, is a necessary preliminary to any increase in the navigable 
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capacity of this river above Hartford. This aloue will cost from 8300,- 
000 to $900,000. 

To make a thorough improvement of the river between Hartford and 
Enfield Falls will cost between $2,000,000 and $3,000,000. 

MONEY HERETOFORE APPROPRIATED FOR THIS IMPROVEMENT. 


One-half of amount appropriated for Connecticut River, June 11, 1870. $20,600 

Above Hartford and below Holyoke, March 3, 1871. 20,000 

Above Enfield Falls and below Holyoke, June 10, 1872. 25,000 

Above Hartford and below Enfield Falls, March 3, 1873. 20,000 


Total. #35,000 


Of these, the first was expended upon wing-dams; the second has 
been partly expended upon surveys and dredging; the third has been 
partly expended upon surveys and dredging; the fourth has been partly 
expended upon surveys. 

The amounts appropriated have been wholly inadequate to making 
any thorough river improvement, and so there was means for making 
thorough surveys. As far as needed these surveys have now been 
made. 

In my last annual report upon this work, I stated that it was desirable 
to have the reports made upon surveys of this part of the river during 
tbe progress of the improvement published in a combined report, with 
the maps and diagrams. It does not seem probable that the money ap¬ 
propriated for this river above Enfield Falls and below Holyoke will be 
needed for improvement, and I suggest that so much as is necessary be 
used in publishing these maps and a full report. The maps have been 
already prepared for photolithographing. 

After this is done, 1 recommend that all the money appropriated for 
the river above Hartford (reserving $5,000 for the shoals between Hart¬ 
ford and Enfield Falls) be, by law, transferred to the improvement of 
the bar at the mouth of the river. 

Connecticut River is in the Middletown collection-district. Middletown is tbe near- 
est port of entry. Tbe amount of revenue collected there during the fiscal year end¬ 
ing Jane 30, 1876, was $19,956.14. 


Money statement . 

Above Hartford , Connecticut , and below Holyoke , Massachusetts, 


Act of March 3,1871: 

July 1,1876, amount available. $3 t 831 83 

July 1, 1877, amount expeuded during fiscal year... 541 40 


July 1, 1877, amount available.... $3,290 43 

Above Enfield Falls , Connecticut , and below Holyoke , MassachuuUs, 

Act of June 10, 1872: 

July 1,1876, amount available. £10,702 92 

July 1, 1877, amount available.. 10,702 92 


Above Hartford and below Enfield Falls , Connecticut. 
Act of March 3, 1873: 

July 1, 1876, amount available. 

July 1, 1877, amount available. 

Total available above Hartford July 1,1877 


$12,272 04 
12,272 04 


$26,265 30 
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ANNUAL REPORT OF MAJOR J. W. HARLOW, CORPS OF 
ENGINEERS, FOR THE FISCAL YEAR ENDING JUNE 30, 1877. 

Engineer Office, United States Army, 

Netc London , ConnJuly 11, 1877. 

General : I have the honor to transmit herewith the reports of river 
and harbor works in my charge for the fiscal year ending June 30,1877. 
Very respectfully, your obedient servant, 

J. W, Barlow, 

Major of Engineers, U* 8* A. 

Brig. Gen. A, A. Humphreys, 

Chief of Engineers £7. i$. A. 


C i. 

8TONINGTON HARBOR, CONNECTICUT. 

No appropriation for the year ending June 30,1877, was made for this 
harbor, 

Tbe project for a breakwater on Warn passe tt Shoal, 683 yards in 
length, recommended by a hoard of engineers, was approved by the 
Department, and the appropriation of $25,000 made by act of Congress, 
approved March 3, 1875. was expended in building a portion of this 
structure, about 257 yards long. This short length of breakwater covers 
bat a limited anchorage; it should be extended at as early a date as 
practicable in order that any real benefit may be derived from the pro¬ 
ject adopted and the money already expended in the partial execution. 

An appropriation for the next fiscal year is therefore specially desir¬ 
able. 

Stoningfcon Harbor is in the Stoningtou collection-district. The amonnt of revenue 
collected there during the fiscal year ending June 30, 1877, was §1,450,50. 

Following is a list of the several appropriations since the report on 
the survey of 1871: 

March 3, 1873, dredging between old breakwater and steamboat dock_ $*15, 000 00 


June 23, 1874, dmlgitig on Penguin Shoal.*. 20, 000 OU 

March 3, 1875, com men cement of breakwater at Warn passe tt Shoal.**... 25,u00 1>0 


Original estimate made in June, 1875, for completing the present project. 231, OOG 00 
COMMERCIAL STATISTICS. 

The following statements have been received from Captain Hubbard, 
collector of the port. 

14 E 
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Statement of vessels entered and cleared in this district , year ending June 30,1877, with draugld 

3 to 17 feet . 



Tonnage 

Steamers entered. 

Steamers cleared. 

Sail-vessels entered. 

. 314 $75,000 

.. 314 I 70,000 

.. 1 11 . _ 

629,416 

629,416 

1,207 

914 

13,000 

13,000 

Sail-vessels cleared . 


Steamers arrived without entry.. 

. 10 . 

Steamers departed without entry. 

10 . 



Total.... 


1,286,953 

i | 

Arrivals harbor of refuge, coasting-vessels. 

Arrivals harbor of refuge, fishermen. 


1,663 

500 

Total. 


2, ltd 


Steamers arrived with paasengers, 67. Tonnage, 30,100. 

Approximate amount of revenue paid into the Treasury from 1870 to 1877, $90,000. 


Number of vessels passed “ lightship? far year ending June 30,1877. 


July. 

August.. 
September 
October.. 
November 
December 
January.. 
February. 
March.... 

April. 

May. 

Juiie. 


Totals. 


Months. 


Ships. I Barks. 


Brigs. 


Schoon-j 

ers. 


Sloops. 


Steam¬ 

ers. 




1,366 

583 

1,442 

548 

1,604 

674 

1,505 

563 

1,534 

387 

572 

79 

145 

53 

. 510 

198 

923 

256 

1,566 

384 

1, 864 

691 

1,531 

627 


387 
354 I 
405 I 
365 l 
330 
177 
160 
183 
191 
297 
378 , 
339 


38 


64 


14,562 


5,043 


3,555 , 

I 


TottL 


2.341 

2.334 

2,701 

2,446 

2,247 

633 

360 

m 

1,361 

2,957 

2,940 

2,502 


23,258 


Captain Hubbard also states that vessels bound eastward are subject 
to great inconvenience and loss of time in being obliged, in case of 
heavy weather, to return to New London for a harbor j that were the 
contemplated improvements at tttoniugton completed, such vessels 
would find a secure anchorage 15 miles nearer their destination, and at 
the most easterly poiut of Fisher’s Island Souud, whence the open sea 
could be reached in a few moments’ sail. 


Money statement . 


July 1, 1876, amount available. $959 75 

July 1, 1877, amount expended during fiscal year. 915 12 


July 1, 1877, amount available. 

Amount (estimated) reqnired'for completion of existing project. 

Amount that can be profitably expended in fiscal year eudiug^June 30,1879. 


44 63 

296,536 00 
50,000 00 


C 2 - 

THAMES RIVER, CONNECTICUT. 

A petition from citizens of Norwich and New London for the removal 
of bars on this river was transmitted to the Department with a letter 
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dated February 3, 1877. A personal inspection of tbe localities has 
since been made, which substantially confirms the opinions therein ex¬ 
pressed. Shoals were found to obstruct the 11-foot, channel completed 
iD 1873, to the following extent: 

From Perch Rock to Bushnell’s Reef, a distance of about 800 feet, the 
depth is 9 to 104 feet. Between piers H and G, 84 to 10 feet; above 
pier D, 9 feet. Near the stove-foundery, just below Norwich, the channel 
has become much narrowed by a shoal which has made out from the 
position of the Middle Ground, seriously impeding the movement of 
steamers while rounding to, to reach their wharf. 

The Middle Ground, dredged to 9 feet depth, has now in places a depth 
of but 6 feet at mean low-water. Without making an instrumental 
survey, the amount of material necessary to be removed to restore the 
dredged chanuel to the dimensions originally given to it cannot be 
estimated with any great degree of accuracy. From my recent examina¬ 
tion, however, I am convinced that the removal of these recent obstruc¬ 
tions is greatly needed. It might perhaps be advisable to commence 
work with a less sum than was recommended in my letter of February 
3, to be applied after making an instrumental examination of thelshoals 
to those points where most needed. A satisfactory report could then be 
made, based upon the information derived from the survey and the first / 
season’s work. The survey should cost not to exceed $300. For this 
purpose and to commence dredging an appropriation of $0,000 is 
recommended. 

The following sums have been appropriated for the improvement of 
this river: 


Expended in tbe construction of piers or wing-dams: 

1836. 

1337. 

1838. 

Expended in dredging channel 100 to 200 feet wide and 11 feet deep at 
mean low-water: 

1^66-’l57. 

1371 . 

1372 . 


Total 


$10,000 00 
20,000 00 
10,000 00 


82,000 00 

15,000 00 

10,000 00 


147,000 00 


The plan at first adopted by tbe General Government and executed 
duriug the years 1836- ? 37-’38 was the construction of piers for the pur¬ 
pose of contracting the chaunel at the shoals, with a view to create a 
scour by the increased current of the river. For this purpose $40,000 
was expended. These piers do not seem to have had the desired effect, 
and in 1866 dredging was begun and continued through several seasons, 
closing in 1873. The channel then obtained was considered sufficient 
for the traffic of the river. The dimensions then given it is now desir¬ 
able to restore. Norwich is at the head of navigation on this river. 

The following statement has been received, showing the amount of 
freight, &c., which arrived by river during the year ending June 30, 
1877: 


Coal, iron, and sand, 200,000 tons, more or less. 

Brick and lime, 2,000 tons, more or less. 

Lumber, 18 to 25 cargoes, 4,000 tons, more or less. 

Vessels average 300 tons tyurthen. 

Draught- of water, 8 to 11 feet. 

West India cargoes lighter at New London. There is a daily line of steamers carry¬ 
ing passengers and freight to New York, and a weekly freight-propeller. 
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New London, at the mouth of the Thames, is a port of entry, where the following 
collections were made during the last fiscal year: 

Duties on imports.. $55,908 59 coin. 

Tonnage-dues. 637 50 currency. 

Hospital-dues. 1,838 29 currency. 

Light-boat-inspector’s fees. 3,886 10 currency. 


Total. 62,270 48 

Forts Trumbull and Griswold are located near the mouth of this river, and also the 
New London light-house. 


C 3- 

/ 

NEW HAVEN HARBOR, CONNECTICUT. 

During the fiscal year ending June 30,1876,43,606 cubic yards of 
material had been removed in widening the channel between Long 
Wharf and Belle Dock ; the contract was then about half completed. 
Upon the approval of my recommendation the time for completing this 
contract was extended three months. From July 1, to the close of 
the work on the 26th of August, 1876, there was removed from the south 
side of the channel 45,725 cubic yards of sand, mud, and shells, making 
a total during the season of 89,331 cubic yards, and giving a channel 
415 feet wide and 13 feet deep at mean low-water. In my annual report 
for the fiscal year ending June 30,1876, reference is made to a letter 
dated January 25,1875, and printed in Appendix Z of the annual report 
of the Chief of Engineers for 1875, which contains estimates for widen¬ 
ing and deepening the main channel and for a breakwater near the 
entrance to the harbor, and to these I would now respectfully refer, re¬ 
newing my recommendation therein contained. Should it not be con¬ 
sidered expedient to enter at this time upon a project involving so large 
an expenditure, 1 would respectfully submit that so far as this project 
pertains to widening and deepening the main channel, any sum expended 
in dredging would accord with the project, and at the same time give 
immediate relief to the shipping interests of the harbor. 

The channel between Fort Hale and Steamboat wharf which is now 
but 200 feet wide, does not afford sufficient space for convenient naviga¬ 
tion, and it is therefore respectfully recommended thatau appropriation 
be asked to widen this part of the channel to 400 feet, with a depth of 
16 feet at mean low-water. The channel above Long Wharf having been 
widened last year, a continuous harbor of not less than 400 feet in width 
would then be obtained. It is estimated that $40,000 would suffice at 
v the present low prices for dredging, to accomplish the above improve¬ 
ment, and this sum could be profitably expended during the ensuing 
year. 

LUDD1NGTON ROCK. 


In my annual report for the year ending June 30,1876, it was shown 
that there yet remained 294 cubic yards of sand, loose stone, and rock, 
to be removed before the required depth (16 feet) could be attained. 
This the contractor had repeatedly expressed his iutention of removing, 
but subsequently declining to have anything more to do with the matter, 
nothing has since been doue. 

New Haven is the port of entry of the collection-district of New Haven. 


Digitized by 


Google 








APPENDIX C. 213 

The following statement showing the transactions at the port of New 
Haven has been received from the collector of customs: 


Collections: 

Duties on imports. $3fib,061 10 

Tonoage-tax. 1*974 00 

Hospital-tax. 2*213 93 

Miscellaneous receipts. 4,127 70 


373,306 73 


Number of foreign vessels arrived from foreign ports. 

Cleared for foreign ports. 24 

American vessels arrived from foreign ports. 65 

Cleared for foreign ports. 24 

Total number of steamers, sail-vessels, and barges entered and cleared 

daring tbe fiscal year ending June 30, 1877. 6* 422 

Draught of water from 7 feet to 12 feet. 

Total tonnage. 1,397, 700 


Estimated Dumber of vessels of all classes entering tbe harbor for refuge 
daring the year. 4,500 


The followingamounts have been appropriated for the improvement 
of New Haven Harbor since 18G6: 

July 11,1870—Work on Middle Rook and beginning at 13-foot channel, 200 


feet wide, from Fort Hale to Long Wharf, and 100 feet wide to Belle 

Dock. $15,000 00 

March 3,1871—Completing the above channel and working on Luddington 

Rock. 40,000 00 

Jane 10, 1872—Beginning channel 200 feet wide, 16 feet deep, from Fort 

Hale to light-house. 20,000 00 

Removal of Luddington Rock. 15,000 ud 

March 3, 1873—Completing channel from Fort Hale to light-house, and 

widening channel from Long Wharf to Belle Dock. 25, QQO 00 

March 3, 1875—Widening to 400-foot channel from Long Wharf to Belle 
Dock . 10,000 00 

Money statement 

July 1, 1876, amount available. $11,607 34 

July 1, 1877, amount expended during fiscal year. 9,085 21 


July 1, 1877, amount available. 2,612 13 


Amount that can be profitably expended in fiscal year eudiug Juue 30,1879. 40, QUO 00 


c 4. 

MILFORD HARBOR, CONNECTICUT. 


At the close of tbe fiscal year ending June 30,1876, the contractor for 
dredging in this harbor had removed 18,799 cubic yards of material. 

A two months extension of the contract was granted, and work con- 
tinned until July 29, when 5,433 cubic yards in addition had been re¬ 
moved, making a total of 24,232 cubic yards. The dredged channel was 
made 75 feet wide, from the 4-foot curve at the mouth of the harbor to a 
point about 800 feet above the long jetty, or 300 feet below W. Mer win's 
dock. The dredging should be continued nntil a channel 50 feet wide 
and 4 feet deep at mean low-water has been made to the town dock, a 
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distance of about a half-mile from the head of last season’s work, and 
would require the removal of about 45,000 cubic yards, at an estimated 
cost of 20 cents per cubic yard, or 89,000 for the work, including con¬ 
tingencies and superintendence. 

The long jetty at the mouth of Indian River was nearly completed at 
the close of the last fiscal year; 3,60S tons of stone were used in the 
work up to that time. During the month of July, 1876, 400 tons of 
stone were placed iu position, and the wall completed with the excep¬ 
tion of about 125 feet of coping. The amount of stone required to com¬ 
plete the work is about 65 tons, at an estimated cost of $3 per ton. 
This jetty has received no material injury during the winter. A few 
stones have been dislodged where the coping is lacking, but these can 
be replaced at a trifling expense. 

An inspection of the dredged channel was made iu April, 1877, with 
the following result: 

During the winter a new bar, with a depth varying from 6 to 18 inches, 
has formed across the dredged cbanuel at a poiut about 200 feet above 
the long jetty. This bar is caused by the bringing down of material 
loosened by and made subject to the action of the current of Indian 
River, which joins the Wopowaug at nearly a right angle. The effect 
has been to deepen the Indian River channel some distance back from 
its junction with the Wopowang, the material washed out being carried 
into the latter. This material, mostly gravel, cannot be carried away by 
the weaker current of the Wopowang. 

It may appear singular that the combined currents of the two streams 
should have less scouring effect than the Indian River branch, but this 
is owing to the considerable fall of the latter before reaching the 
junction, increased by the new depth of the channel dredged below its 
debouch^. 

The formation of this bar is not regarded as a serious matter, and it is 
believed that if it should now be removed there is little probability of 
its forming again. 

The channel has maintained its depth below the long jetty, as was 
anticipated; the jetties at Welch’s Bluff are fulfilling all that was ex¬ 
pected of them, preventing erosion of the banks and arresting the move¬ 
ment of sand to the westward. Upon an inspection of the jetties it was 
found that the ice and severe storms of the past winter had seriously 
damaged them. The outer ends were leveled, some of the large stone, 
weighing from 1 to 2 tons each, being thrown a distance of 10 or 12 feet* 
while the inner ends, being protected by the sand and drift which had 
made in the angles formed by the jetties with the beach, were but slightly 
damaged. 

The only sure protection for this work would be to build a breakwater 
of heavy riprap-stone from Welch’s Point to deep water. This would not 
only preserve the dredged channel, and with the assistance of the jetties 
protect the banks from erosion, but would afford a harbor of refuge for 
the many vessels passing up aud down Long Island Sound, and a secure 
place tor vessels to lie, bound to Derby, Birmingham, or Shelton, while 
waiting for high-water to cross the bar at the mouth of the Housatoai© 
River. 

In 1872, General Warren made an estimate for a breakwater from 
Welch’s Poiut, to contain 24,290 tons of riprap-granite, in pieces of a 
ton aud upward in weight, to have a triangular cross-section sloping 
45° each side, to rise 9 feet above mean low-water, and to extend to the 
curve of 15 feet depth, being 890 feet long, at an estimated cost at that 
time of $07,000. The work could now be built for about 845,000, and 
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I respectfully renew previous recommendations respecting its expe¬ 
diency. 

Tbe following amounts have been appropriated by Congress and 
expended on tbe improvement of Milford Harbor: 


June 23,1874... $5,000 00 

March 3, 1875 . 13,000 00 

Original estimates for this harbor, made in 1872, are— 

For breakwater at Welch’s Point. . .$67,000 00 

Jetties at Welch’s Bluff... 5,000 00 

Long jetty aud dredging. 13,000 00 


85,000 00 


1876, additional estimate for continuing dredging. 8,000 00 

Milford is in the New Haven collection district, New Haven being the nearest port 
of entry. The amount of revenue collected there during the fiscal year ending June 
30,1877, was $37*3,396.73. 

The following number of vessels are reported as arriving with cargoes 
during tbe year ending Jane 30, 1877: 

Number of vessels, 90; draught, 4 to 8 feet; tonnage, 4,000; value of cargoes, $50,000. 
Number of steam-vessels arrived, 40. 

A great number of vessels are employed continually in tbe oyster and 
oil trade, which are not included in the above; also, since the improve¬ 
ments have begun, the harbor has afforded shelter lor a very large 
number of vessels. 

Money statement. 


July 1,1876, amount available. . .$4,706 65 

July 1, 1877, amount expended during fiscal year. 4,260 81 


July 1,1877, amount available 


445 64 


Amount (estimated) required for completion of existing project. 64,000 00 

Amount that can be profitably expended in fiscal year eudiug June 30, 1879. 25, Qp0 00 


c 5 . 

HOUSATONIC RIVER, CONNECTICUT. 

March 3,1875, an appropriation of $5,000 was made for the improve¬ 
ment of this river. 

It was deemed most expedient to expend this money in dredging. 

After obtaining prices from various dredge-owners, a dredge and tug 
with the necessary scows, suitable for doiug the work, was hired of Mr. 
Morris F. Brainard, of Albany, N. Y., for $6 per hour, actual working 
time. Work was begun June, 1876, on the shoal formed during the 
winter and spring above and below Drew’s Rock, and continued until 
August 16,1876. During this time 21,682 cubic yards of sand were re¬ 
moved, making the dredged channel 60 to 80 feet wide and 7 feet deep 
at mean low-water above the rock, and of an average width of 40 
feet and depth of 7 feet below the rock. The cost of removing the mate¬ 
rial was about 16£ cents per cubic yard. No examination has been made 
of this shoal since the close of the work, but if it should be found after 
an examination that the chaunel has filled, it is respectfully recom¬ 
mended that the rock and jetty be removed. 
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The jetty at Drew’s Rock was built in 1872, at a cost of about $725. 

By building it the greater expense of removing the rock, estimated at 
$6,285, was avoided, and it was thought that the advantages to naviga¬ 
tion would be practically the same. This, however, has not proved to be 
the case. The strong current of the ebb-tide in times of freshet sweeping 
round the end of the jetty, has cut a deep hole. After passing it, the 
velocity slackens, and, by reason of the increased flowage area, the mate¬ 
rial which has been held in suspension and carried along by the current 
is deposited and a bar formed. 

Mr. Henry Harding, assistant engineer, in making a report to General 
Warren, under date of January 1, 1872, on a survey looking to the re¬ 
moval of the rock, estimated the amount necessary to be removed to 
give a depth of 7 feet at mean low-water as 419 cubic yards. The 
amount of stone used in the construction of the jetty was 426.3 cubic 
yards, at $1.70 per cubic yard. The rock in place could be removed at 
a cost not to exceed $10 per cubic yard, and the riprap composing the 
jetty at a cost not exceeding 50 cents per yard, by using a grapple- 
dredge. 

During the past winter, the bar at the mouth of the river has filled so 
that at the present time there is 12 inches less water than a year ago. 

No appropriation was made for the fiscal ^ear ending June 30,1877. 
An appropriation of $5,000 is respectfully recommended for the next fis¬ 
cal year to remove deposits likely to have formed during the winter and 
spring freshets. 

Hogsatonic River is the dividing line between New Haven and Fairfield collection 
districts. The amount of reveuue collected during the year ending June 30,1877, was, 
at Bridgeport, the nearest port of entry, $2,956.16. 

The following is a report of shipping at the port of Derby, Conn., for 
the fiscal year ending June 30, 1877. 

During this period there arrived— 


No. of barges and 
vessels. 


I 


Cargoes. 


61.| Coal. 

6. Jute. 

6. Iron. 

2. Sand. 

1 .. Ashes_ 

12. 1 Bricks_ 

2 . 1 Lumber 

1. Shells. 

1.1 Blue-stone 


8 small sloops, miscellaneous cargoes 
Total. 


i 

Quantity. ] Value. 


tons..! 

13,688 

176,000 

,.do... 

758 

11,400 

..do. 

988 

44,000 

..do... 

228 

i 700 

• do. 

225 

900 

...M.i 

425 

2,400 

.feet..i 

325,000 

1 3,900 

tons..) 

130 

175 

• do... 

80 

450 



500 


140,425 


The following appropriations have beeu made for improvements on 
this river: 


March 3,1871 
June 10.1872 
March 3,1873 
June 23,1874, 
March 3,1875 


$15,000 00 
15,000 00 
10,000 00 
10,000 00 
5,000 00 


Estimates for the improvement of this river have been made from 
year to year, with the object of removing bars formed by the wiuter and 
spring freshets. 
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Money statement. 


July 1,1876, amount available.-. $4 f 460 11 

July 1,1877, amount expended during fiscal year. 4, 44*2 38 

July 1,1877, amount available.--- 17 73 

Amount that can be profitably expended in fiscal year ending June 30,1879. 5* (MHi 00 


C 6. 


BRIDGEPORT HARBOR, CONNECTICUT. 


No work was done at this harbor during the last fiscal year. 

By act of Congress, approved August 14, 1876, $10,000 was appro¬ 
priated for the improvement of the harbor at Bridgeport, Conn., but no 
authority to expend this amount was granted until April 27, 1877, 

Bids for dredging were opened June 21, 1877, and the contract 
awarded to Messrs. H. N. and A. J. Beardsley, at 8J cents per cubic 
yard, the work to be doue between the steamboat wharf and the wagon- 
bridge. It is hoped that the project for widening the 12 foot channel 
on the outer and inner bars to 300 feet will be continued, and for this 
purpose $20,000 could be profitably expeuded during the next fiscal 
year. 

Following is a statement of the amounts appropriated for Bridgeport 
Harbor: 


March 3,1871... 
June 10,1872... 
March 3,1873.. 
Jane 23,1874... 
March 3,1875.. 
August 14,1876 


$ 20 , 000 00 
40,000 ON 
30.000 00 
20,000 00 
15 T (XH) 00 
10,000 00 


The original estimate made in 1871 for improving this harbor pro 
vided for an expenditure of $196,000, to be devoted to the construction 
of a breakwater, and to dredging a channel 200 feet wide and 11 feet 
deep at mean low-water. A riprap breakwater was commenced with 
the appropriation for 1871, and continued the following year. It was 
carried to a length of 1,380 feet. 

Subsequent appropriations were applied to dredging, first making 
the channel 300 feet wide and 9 feet deep at low water; afterward in¬ 
creasing the depth to 12 feet over a channel 100 feet wide. 


Bridgeport is the port of entry of the Fairfield collection-district. The amount of 
revenue collected at Bridgeport lor the fiscal year ending June 30,1877, was a* lb How*: 


For duties on imports .. $1,248 54 

For tonnage tax..— 82 50 

For marine-hospital tax .. 1 , 635 12 


Total 


2,966 16 


Number of foreign vessels arrived from foreign ports... 18 

Number of foreign vessels cleared for foreign ports.-.. 19 

Number of American vessels arrived from foreign ports...- 2 

Number of American vessels cleared for foreign ports._...None. 

Total arrivals. ... 20 

Total cleared.. 19 
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The following approximate statement of the arrivals and departures 


has beeu received from the collector of the port: 

Tonnaga 

Steamers.*.. 750 559,194 

Brigs. 8 1,424 

Schooners. 700 87,500 

Sloops. 525 10,500 

Barges. 75 13,125 

Canal-boats. 500 75,000 

Total arrivals. 2,558 746,743 

Total departures. 2,558 746,743 

Arrivals and departures. 5,116 1,493,486 

Money itatement. 

July 1,1876, amount available. $54 85 

Amount appropriated by act approved August 14, 1876. 10,000 00 

10,054 85 

July 1, 1877, amount expanded during fiscal year. 167 90 

July 1,1877, amount available.....• 9,886 95 

Amount (estimated) required for completion of existing project. 40,000 00 


Amount that can be profitably expended in fiscal year ending June 30,1879. 20,090 00 


C 7. 


SOUTHPORT HARBOR, CONNECTICUT. 


By act of Congress approved August 14,1876, $5,000 was appropri¬ 
ated,for the improvement of the harbor at Southport, Conn. 

It is proposed to expend this money in repairing the breakwater at a 
few points where disintegration of the old wall has occurred, to repair 
the walls of the dike, and fill the space between them where the mate¬ 
rial has been washed out. This can be done by days 7 labor to better 
advantage than by contract. 

Southport Harbor is iu the Fairfield district, of which Bridgeport is the port of 
entry. The amount of revenue collected there during the fiscal year ending June 30, 
1877, was $2,966.16. 

The following sums have been appropriated for this harbor since 
1838: 


March 3, 1875 . .$5,000 00 

August 14, 1876 . 5,000 00 


The only estimates made for improving this harbor since the work 
done in 1838 have been for repairs npon the breakwater and dike and 
for increasing the channel depth from 2 feet to 4 feet at mean low-water. 

The repairs will be completed with the money already appropriated; 
$80,000 being still required for dredging. This sum could be profita¬ 
bly expended during one working season. 

COMMERCIAL STATISTICS. 

The following statistics have been received from Mr. John H. Perry, 
under date of July 28,1877: 

There are 11 sailing-vessels and one steam-tug owned either in whole or in part in this 
place. Of the sailing-vessels, from 2 to 4 run weekly, carrying freight to and from 
New York. The others are engaged in the coasting-trade. 
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Oar vessels range from 7 feet 8 inches to 11 feet draught, and register an average of 
150 tons burden. The cargoes of our regular weekly boats average $1,500 each trip. 
About 3,500 tons of coal are brought here annually, besides brick, lumber, and 
manure. 

Owing to its poor channel and the absence of a light, our harbor has been used but 
little as a harbor of refuge. It remains open iu winter when all others from New 
York to New London are cloned, and, with good facilities for transports ion, there is 
no reason why we should not become a thriving manufacturing village. 

Money statement. 


July 1,1876, amount available. $383 99 

Amonnt appropriated by act approved August 14, 1876.. 5, 900 00 

5,3*3 99 

July 1,1877, amount expended during fiscal year.. 3*20 06 

July 1,1877, amount available... 5,063 93 

Amount (estimated) required for completion of existing project. 0, 0U0 00 


Amonnt that can be profitably expended in fiscal year ending June 30,1~79 0 t UUU 00 


c & 

NORWALK RIVER, CONNECTICUT. 

No work was (lone on the improvement of the river during the fiscal 
year ending June 30,1877, and no appropriation made since the act of 
Congress approved March 3, 1875. 

In my last annual report an estimate was presented for completing 
the improvement at an expenditure of about $30,000. I would respect¬ 
fully reuew the recommendation then made that this sum be appropri¬ 
ated to complete the work. 

Norwalk is in the Fairfield collection-district, and Bridgeport is the nearest port of 
eutry. The amount of revenue collected there during the fiscal year ending June 30, 
1877, was $2,966.16. 

The following appropriations have been made for this harbor: 


June 10,1872. ?l0 t 000 

March 3, 1873. 10,000 

June 23,1874 . 10,000 

March 3,1875. 7,900 


An estimate of $34,000 was made in 1871 for completing a channel 
100 feet wide and 8 feet deep at mean low-water, at 20 cents per cubic 
yard. 

The cost of doing this work proving considerably greater than was 
estimated, the desired channel has not yet been attaiued. As was ex¬ 
hibited in the last annual report, an additional sum of $30,000 will be 
needed to carry out the original project; of this sura, $13,000 could be 
advantageously expended during the ensuing fiscal year. 


Money statement . 


July 1,1876, amount available.. * 190 6*2 

July 1, lc77, amount expended dnriug fiscal year.. 190 62 

Amount (estimated) required for completion of existing project. 30, 0(H> (H> 

Amount that cau be profitably expended in fiscal year ending June 30,1879.. 15, 009 09 
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c 9 . 

PORT JEFFERSON HARBOR, LONG ISLAND, NEW YORK. 

At the close of the last fiscal year, work on the west jetty was in 
progress, the contractor, Mr. F. H. Smith, having placed in the work 
3,192 tons of stone. His contract was extended 10 days, in which time 
741 tons of riprap were added, exhansting tbe allotment for the work, 
and carrying the structure to a length of 475 feet, and height of 4 feet 
above mean high-water. This jetty was well built, and has proved its 
value in arresting a large amouut of sand and gravel upon its western 
side, and also in the effect of confining the tidal currents, by which the 
middle ground has been nearly removed. As recommended iu my last 
annual report, this jetty should be extended about 600 feet farther; 
when this is done, and the eastern jetty carried out correspondingly, it is 
believed that a satisfactory depth of channel over this bar, when once 
obtained, will be self-sustaining. 

An appropriation of $6,000 for the improvement of this harbor was 
made by act of Congress approved August 14, 1876, but authority to 
expend the same was suspended by direction of the Secretary of War 
until the present season. In March, 1877,1 made a careful examination 
of the harbor, submitting a report and project with regard to repairing 
and extending the east jetty, which was approved. In accordance with 
this project proposals were invited for doing the work. 

The bids were opened on the 24th of May, 1877, and the contract sub¬ 
sequently awarded to Messrs. Ingerson and Molthorp, the lowest bidders, 
at $1.33 per ton of grauite placed in the work. 

It is also proposed, during the season, to make a cutting across the 
bar, perhaps 50 feet in width, with a view to ascertain definitely the 
character of the material of which the bar is formed, the difficulties 
to be encountered from the force of the tidal currents, and the stability 
of the opening, now that the jetties are so well advanced as to afford 
protection. 

No dredging lias ever been done on this bar, but a contract was last 
year made with Mr. Sidney F. Shel bourne to excavate a channel there, at 
27 cents per cubic yard. 

Although repeatedly urged to begin the work in the summer of 1875 
and the following spring, the contractor signally failed to accomplish 
more than an attempt, removing but a partial scow-load, and then aban¬ 
doning the work altogether. 

I have previously reported upon the desirability of completing these 
improvements at an early day. 

The great capacity of this harbor, and its complete shelter, render it 
exceedingly available as a harbor of refuge for the south side of Long 
Island Sound, and it needs but the appropriation of a moderate sum, in 
addition to that already expended, to open the entrance so that access 
may be had by all vessels requiring its protection. 

The surveyor of the port reports that— 

There are abont 170 vessels belonging to this port, all of which visit here an average 
of three times a year; their aggregate tonnage amounts to nearly 16,000 tons. 

During the year ending June 30, 1877, there were built here 7 vessels, with a total 
tonnage of 1,757 tons, and there are now 5 vessels upon the stocks, whose tonnage will 
aggregate 1,300 or 1,400 tons. 

The following estimates are presented for completing the works, and 
are rather lower than those previously made, owing to reduced prices 
for labor and material: 
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Extension of east breakwater to 9-foot curve, 8,000 tons of riprap T at $1.50 

per ton... $12,000 00 

Extension of west breakwater 600 feet, 7,000 tons riprap, at $1.50 per ton .. 10, 500 00 

Dredging channel 100 feet wide and 8 feet deep, requiring excavation of 

25,000 cubic yards, at 30 cents. 7,500 00 

Contingencies and supervision.... 4,000 00 


Total... 34,000 €0 


Of this 8u id $20,000 could bo profitably expended during the next 
fiscal year. 

The following amounts have been appropriated for this harbor: 


March 3,1871.. 
Jane 10,1872... 
March 3,1875.. 
August 14, 1876 


$15,000 00 
15,000 00 
15,000 00 
6,000 00 


The original plans, proposed by General Warren in 1871, contem¬ 
plated the construction of a far more elaborate breakwater at the east 
side of the harbor than has been built. This work was designed to 
contain over 10,000 cubic yards of stone, including a top wall of dimen¬ 
sion stone, and was estimated to cost $150,000. The work has been 
commenced upon a much cheaper plan, viz, rough riprap of triangular 
cross-section. By using care in placing the stones compactly, it is 
hoped that a breakwater built in this manner will answer the purposes 
intended as well as the more costly structure at first coutemplated. 


Money statement . 


July 1,1876, amount available.$11,006 23 

Amount appropriated by act approved August 14, 1876. 6, 000 00 

17, 006 23 

July 1, 1877, amount expended during fiscal year.... 5,744 59 

July 1,1877, amount available. 11,261 64 

Amount (estimated) required for completion of existing project.... ...... 34, DUO DU 


Amount that can be profitably expended iu fiscal year ending June 30,1879. 20, U0U 00 


i 


PROJECT FOR REPAIRING AND EXTENDING THE EAST JETTY. 


Engineer Office, United States Army, 

Sew London , Genu., March 31, 1877. 

General : I have the honor to transmit the following report and recommend at ion a 
with regard to the harbor of Port Jefferson, Long Island, as the result of a recent ex¬ 
amination of the works designed to improve the channel over the bar at the mouth of 
the harbor. 

The ietty constructed at the east side of the entrance in 1872 and 1873. for the pur¬ 
pose of arresting the movement of sand and gravel along the beach from Mount Misery, 
does not yet entirely fulfill the object for which it was intended. Its length was 1.650 
feet; less than 700 feet are now visible, the remainder having been buried iti sand. 

Although a vast quantity of material has been arrested and retained iu the vicinity 
of the jetty, a large proportion has gone to the west side. This is because the jetty 
was not extended far enongh seaward, was pot sufficiently compact, And was not built 
high enough, particularly at the shore end. These defects were doubtless owing to tbe 
limited amount of money applicable to the work, the endeavor being to cover us much 
space as possible, and effect the most good with the means at hand. 

Owing to the present inadequate condition of this jetty, the proportion of material 
deposited to the west side or beyond it, where it is desired to make the channel, is 
greater than that arrested on the east side. Any increase of depth over tbe bur can 
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be permanent only when the deposit of gravel, sand, and stones west of this jetty shall 
have been prevented. 

My reoent examination confirms what previous observation led me to believe, viz, 
that this material finds its way from Mount Misery around the end of the jetty 
through its interstices and over its shore end. Between 300 and 400 linear feet of the 
original structure have become buried by the accumulations of sand, &o. f and during 
the concurrence of high tides and northeast storms large quantities of material are 
carried over this newly-made beach and dropped in the <mannel beyond. The stones 
of the work-have perhaps been undermined and settled; at all events, this part of the 
jetty is so low that it does not afford the necessary obstacle to the passage of sand and 
gravel under the conditions above mentioned. 

To remedy this defect, a post and plank fence 200 feet in length was constructed ig 
the fall of 1875. Storms have since demolished about one-half of it; the remainder, in 
good condition, is banked with sand and will probably remain. 

The space between the breakwater and this fence should be occupied by a stone wall 
of medium size riprap, and a continuation of the fence carried up to the crest of the 
beach. 

The breakwater at its shore end should be raised, and the whole length chinked with 
small riprap to prevent, as nearly as possible, the passage of sand ana gravel through 
it. The length of the breakwater seaward should also be increased some 400 feet to 
the 9-foot curve, in accordance with the original design. 

The west side jetty, built last year, has already arrested a large quantity of material 
west of its position, and has so modified the direction of the current as to cause the 
almost entire removal of the middle ground, which was heretofore a dangerous ob¬ 
struction. 

The bar itself, or ledge, as it is technically called, has been but little affected, owing 
to the heavy natuTe or the material of which It is composed. 

I inclose herewith a tracing showing plan of the harbor’s entrance, as it appeared at 
the close of work in July, 1876. Upon its margin I have drawn an approximate section 
upon the line of the east jetty, at its shore end, to exhibit the present condition at that 
place. 

In view of the importance of preserving the channel from further deterioration by 
the accumulation of material west of the east jetty, I urgently recommend that the 
appropriation made last year for this work, together with the balance remaining from 
a previous appropriation, be immediately applied, and that an additional sum of $20,000 
be asked for. 

These amounts should be applied, first to the thorough repair of the east jetty, and a 
small sum should be expended in breaking a narrow passage through the ** ledge,” to 
enable the current to take hold of the loosened material and scour out a channel that 
may prove of sufficient magnitude to require no further dredging. 

I am, general, very respectfully, your obedient servant, 

J. W. Barlow, 
Major of Engineers, U. 8. A. 

Brig. Gen. A. A. Humphreys, 

Chief of Engineers U. $. A. 
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ANNUAL REPORT UPON THE WORKS IN CHARGE OF LIEU¬ 
TENANT-COLONEL JOHN NEWTON, CORPS OF ENGINEERS, 
FOR THE FISCAL YEAR ENDING JUNE 30, 1877. BY CAP¬ 
TAIN JAMES MERCUR, CORPS OF ENGINEERS, TEMPORA- 
KILY IN CHARGE. 


United States Engineer Office, 

New York , July 14, 1877. 

General: I have the honor to transmit herewith the annual reports 
upon the river and harbor works temporarily under my charge, for the 
fiscal year ending June 30,1877. 

Very respectfully, your obedient servant, 

James Mercux, 

Captain of Engineers, 

Brig. Gen. A. A. Humphreys, 

Ch ief of Engineers V. S. A . 


D i. 


IMPROVING HUDSON RIVER, NEW YORK. 

Lient. J. H. Willard, Corps of Engineers, stationed at Albany, N. Y. t 
has remained in superintendence of these works. 

The following extracts made from his report will give a correct idea 
of the work done during the year: 


SURVEYS. 

The last fiscal year closed with the survey from Port Schuyler to Bath. July 8 a re¬ 
survey was made on the Overslaugh to test the work of dredging, in May and June, 
1876. July 20 a survey was made from the State Dam at Troy to Cheney’s Duck, The 
party was then reduced, aud no more work was done in the field till November. No¬ 
vember 3 to 9 resurveys were made to New Baltimore, the Overslaugh, aud the new 
channel below the dam, when the season closed. 

I commenced work this spring much earlier than nsnal on account of the quiet 
breaking up and the slight freshets. A reconnaissance was made in March, and April 3 
a party was organized and took the field under Mr. R. H. Talcott. We have surveyed 
and platted the river from New Baltimore to Cedar Hill, from Van Wies Point to Cuy let's 
Bar, and from Port Schnyler to Bath. Re-examinations are now making at New Bal¬ 
timore and Mull’s Cross-over, where dredging has been going on. 

. The surveys embraced the district of shoal-water at New Baltimore, Oneytuan’s, 
Mall’s, Castleton, Cedar Hill, Van Wies, Lower Overslaugh, Old State Wing-dam, 
Upper Overslaugh, Cuyler’s Bar, Bath, Kellogg’s Shoal, Fish-house Shoals, Round 
8hoals, Covell’s Folly, Van Bnren’s and Washington Bars. Special examinations were 
made of rocks at New Baltimore and in the West Channel at Mull’s. Work during the 
present season will consist of triangulation and filling in with plane-table, in exam¬ 
inations of the districts dredged by the 8tate, in borings for rock, aud iu assisting in 
preparing the maps for the commission on pier and bulkhead lines. 

The amount of work is summarized as follows: 


Length of river surveyed. 

Length of lines of soundings . 
Ymuber of lines Of soundings 
Number of sonndiugn.. 



J uly 1 to Novem¬ 
ber 9, 1876. 

April 3 to June 

30,1877. 

Total. 

.miles.. 


m 

MA 

.. miles., j 

1 Hi 

1331 



131 

713 

BM 


2,007 

i 

10,956 

nous 


Digitized by 






224 


REPORT OF THE CHIEF OF ENGINEERS. 


The expenditures on account of surveys to June 30 y were: Salaries aod wages, 
$5,921.32; steam hire and transportation, $415.50; expenses of tide-gauges, $159.29, 
Total, $6,496.11. 

For examination of Mud Shoal, Jersey City, charged to this appropriation, $249.87. 

The estimate for the years 1878-1879 is $8,000. 

NEW WORK. 

Owing to the state of the appropriation no work was undertaken till late in the fall 
of 1876. Proposals for about 3,000 feet of full-dike were received October 18, and the 
long-projected dike on the Overslaugh was commenced October 31. One thousand feet 
were finished, accepted, and a partial payment of 75 per cent, was made December 14, 
1876. 

A cross-dike 424 feet long, to connect the new work with the east shore, was built by 
day’s labor, and cost, including stone tilling, $969.90. One thousand two hundred and 
twenty feet of half-dike were built by day’s labor on the line of the full-dike and partly 
filled with stone, when the river suddenly closed and prevented further woik. The 
cost of this work was $1,741.02. 

This work was injured very much during the winter and in the springs floods; the 
river froze over at a low stage and the ice worked on piles which had not been pro¬ 
tected by stone, pulling them up and breaking them away from the horizontal timbers. 
I secured what I could oefore the ice went out, and found some of the piles and timber 
after the freshet had gone down. The work is now being restored and filled with stone. 

Work was resumed on the full-dike May 23; 1,600 feet of timber work has been 
finished and delivery of stone begun. The contract has been extended, and I expect to 
have the work finished before August. 

Contract work for the present season should include 830 feet of dike at Bath, above 
Albany, to close the gap between Bath and Base Island dikes. This was contemplated 
last season, but the state of the appropriation would not permit. The estimate has been 
reduced to $4.00 the running foot. The new dike on the Overslaugh forms part of a 
system of dikes, the plan of which was submitted to General Newton last year and ap¬ 
proved by him. 

A new section, beginning about half a mile below the south end of the present work, 
should be built at about the same distance, 750 feet, from the dikes on the west shore. 
This work should be about 3,000 feet long, and should cross the old wing-dam from 
the east Bhore. A cross-dike 700 feet, to connect with the east shore, should be built on 
the line of the wing-dam, that being the line of cheapest construction. The estimate 
for the full-dike is $3.75 the foot, and for the cross-dike $1.50 the foot. 

General Newton proposed building a spur-dike at New Baltimore to direct the ebb- 
current into the west channel, but as the 8tate is now dredging on that line 1 think it 
would be good policy to delay building till ihe working of the new channel can be ob¬ 
served. 

Since ray last report I have given a good deal of study to the maps of 1819,1831, 
1838, 1843, and of recent date. They all unite to confirm the opinion that the channel 
from New Baltimore to 9-mile tree should be along the west shore. 

To secure this, however, it will be necessary to remove Austin’s Rock, 
the rocks at Mall’s, and at New Baltimore. The rock is limestone, 
divided by veins of slate. Lieuteuant Willard estimates the total cost 
of removal at $6 per cubic yard. 


REPAIRS. 


All the dikes at Coeymans were injured during the winter of 1875-^76, and other 
works suffered to a greater or less degree. In some cases timber was torn away or 
broken down and piles pulled up, and iu all the filling had snnk one or two feet. Bids 
were invited for labor and materials, and for 2 000 cubic yards of quarry-stone deliv¬ 
ered in the dikes. The stone was furnished at 63 cents per yard, and was used in lev¬ 
eling the Coeymans middle-ground dike and in filling the new half-dike and cross- 
dike on the Overslaugh. The works repaired were the New Baltimore weet dike, north 
end ? Coeymans middle dike, Bath and Patroon’s dikes, and a small amount spent in 
beginning the opening in Port Schnyler dike. New bids were asked for stone in May, 
and the lowest offer, 53 cents per cubic yard delivered, was accepted. Stone has been 
put into the small island dike, the Overslaugh half-dike, and the cross-dike, and will 
be put into the dikes at Douw’s Point and Van Wies. A small amount will have to 
be devoted to repair of dikes at Bath, Douw’s, Van Wie’s, Parda Hook, Coeymans, 
and New Baltimore. These works were injured by the ice, which formed so quickly 
while.the r jy er at a very low stage that it got a firm hold of piles and timber and 

raised the dikes bodily. The piles will have to be driven down and extra piles driven 
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along tbe face to secure those dikes which are in danger of being undermined. Eight 
hundred dollars is estimated for the work of repair and $800 for filling. 

The amount expended last year, including stone, was $810.96. Au estimate of $2,000 
is made for 1878 and 1879. 

STATE WORK. 

In May, 1876, tbe State legislature granted $40,000 for assisting the work of improv¬ 
ing the Hudson, the amount to be expended under the direction of the State engineer. 

An agreement was made by which I undertook to furnish all maps And surveys that 
should be required, to recommend lines for dredging, and to assist in locating machines, 
Ac., and Mr. Van Buren was to charge himself with the bnsiuess or contracts. A large 
amount of valuable work was done in this way, and the general appropriation was 
left unincumbered for construction of permanent works. 

The bars removed or reduced were— 

Cubic yards. 


I. New channel at 81oop-lock, Troy..... 27,866 

& Van Bureh, Port Schuyler.. 11,984 

3. Washington Bar, Port Schuyler. 12,401 

4. Fish-house Shoal..’. 11,355 

Amount between Albany and Troy.. 63,556 


A Upper railroad-bridge, Albany .. 1,743 

6. Upper Overslaugh. 48,687 

7. Part of west wiug-dam. 6,197 

8. East channel. New Baltimore. 9,907 

9. West channel, New Baltimore. 6,619 


Amount below Albany... 73,153 

Total amount.. 136,709 


Gross cost $26,919.94, or abont 20 cents per onbic yard, measured in the scows. 

From examinatibn of the map, and from borings made under my personal direction, 
it was decided to cut a new channel to the sloop-lock at Troy, passing through islands 
west of the usual route, which is obstructed by rock. The work was finished in Octo¬ 
ber, 1876, and gives a channel 60 feet wide and 74 feet deep at low-water, which is 
sufficient for all boats of the river and canal on the * 4 northern line.” A balance of 
$13,980.06 remained for ase this spring, and $15,000 additional was granted by tbe 
legislature this year, to be expended as before. With $28,080.06 on hand, aud with the 
most important surveys finished, Mr. Van Buren was able to begin work in May. 

Cootiacts have been let for removing 70,000 yards from the west channel at New 
Baltimore, at 10 cents tbe cnbic yard; 60,000 yards from the east channel at Mull’s, at 
lQf cents tbe cnbic yard; and 60,000 yards, including tbe wiDg-dam on the Overslaugh, 
at tbe same rate. The rate accepted for work above Albany is 12 cents the cubic yard, 
measured in fecow, bat the quantities have not yet been determined. 

I was muoh opposed to the plan of opening the east channel at Mali’s, being con¬ 
vinced that the relief wonld not be permanent. Both Mr. Van Boren and his deputy, 
Mr.D. M. Greene, were of the same opinion, but did not feel warranted in attemp ing 
rock-excavation with so small a balance available. They will join us in the fall in 
making a beginning on some of the most dangerous points of tbe reef; and if these 
are removed, the channel will be available for tugd and some of the small steamboats 
that ran between Albany aud the cities below. 

I hope to perenade the State engineer to out off the projecting bar below the Middle 
Groond dike at Coeymans. At prrsent this bar forms an obstacle to tbe flood-tide and 
makes a crossover. Removal of 25,000 cubic yards will materially benefit the chan¬ 
nel at this point, making the coarse straight and easy of navigation. 

1 must say here, that if it had not been for the money spent by the State engineer, 
navigation of this part of the Hudson would have been seriously impaired. The gen¬ 
eral appropriation had become almost exhausted; no funds were granted till the end 
of the long session, and they were not available until the middle of autumn. The 
obstructions were caused by ice-gorges, and must be classed among casualties against 
which it is impossible now to provide. When all rocks and other obstructions shall 
hare been removed, and the river thus materially deepened, there will be little to be 
(cared from ice-gorges. 

DREDGING. 

I expended $285 in dredging on tbe crossover above the Overslaugh before the State 
Appropriation became available, paying the price afterward agreed upon in the eon- 
tract made by the State engineer. This work was a matter of pressing necessity. 

The amonot was 1,900 cubic yards, which I expected wonld be paid for by the State, bat 
it was undertaken before the State money was appropriated. 
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BULKHEAD LINKS. 

In order to carry ont the suggestions in the last report, looking to the establishment 
of pier and bulkhead lines on the Hudson from Troy to deep water, a concurrent reno* 
lot ion was passed by the*State legislature in April, and, at the Governor’s reqnest, the 
President has appointed a board of United States officers, to be associated with certain 
officers of the State government, to fix the lines. 

PROTECTION OF DIKES. 

The dikes between Albany and Troy have suffered a good deal from river-thieves. 
The high dike below Hill-house Island has lost about 200 ties, and timber has bees 
freely taken from the old crib-dike above Base Island. The depredations are commit¬ 
ted in the winter, and probably at night, and the work is done by men who have tools, 
for the timber is sawed ont. and generally without disturbing the lace of the work. 1 
have made complaints, both by letter and in pemon, at Albany, Troy, and West Troy 
but have not been able to discover the thieves or to prevent the plundering. 

This work is in the fourteenth collection-district, Albauy being the port of entry. 

The value of imports for the fiscal year was $495,905, gold. 

The amount of revenue collected on same was $102,236.92. 

The tonnage of the port is 268 vessels; 42,16*2.54 tons. 

The amount of commerce and navigation benefited is estimated at five hundred 
millions dollars. 

Amount asked to be appropriated for fiscal year ending June 30,1879, re¬ 


moval of Austin's Mills, and New Baltimore Rocks ..$84,000 00 

Construction of dikes at 8bad and Scbermerhorn Island. 24,000 00 

Completion of Overslaugh system. 12,000 00 

Renewal and raising dikes at Base Island... 6,000 00 

126,000 00 

Amount of estimate of 1868...*. 984,304 47 


AMOUNTS APPROPRIATED. 


By act of Congress approved June 23,1866.$50,000 00 

By act of Congress approved March 2,1867 . 305,188 00 

By act of Congress approved July 25,1868. 85,000 00 

By aot of Congress approved April 10,1869. 90,000 00 

By act of Congress approved July 11, 1870........ 40,000 00 

By act of Congress approved March 3, 1871. 40,000 00 

By act of Congress approved Jane 10, 1872 . 40,000 00 

By act of Congress approved March 3, 1873... 40,000 00 

By act of Congress approved Jane 23, 1874 . 40,000 00 

By aot of Congress approved March 3,1875.. 40,00000 

By aet of Congress approved August 14, 1876.. 50,000 00 

Total. 820,188 00 

Amount expended. 783,327 58 

Money statement. 

July 1,1876, amount available.$5,515 09 


$55,515 00 


- 28,530 67 

July 1,1877, amount available... 26,984 42 | 

Amount (estimated) required for completion of existing project.. -...... 164,116 47 

Amount that can be profitably expended in fiscal year ending June 30,1879. 126 ,000 00 
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Abstract qf bids for oonstr noting full iike on Overslangh , October 18, 1876. 


Bidders. 


& H. French . 

James D. Leaty... 
Gettye W. White. 
H. YSInatA Bro.. 
P. Saudford Boss .. 

J. Walsh.. 

Stephan Miles. 

J. H. Marshall. 

William D Fuller. 


Bate per 
foot. 


IS 

5 

4 

4 

4 


4 44 

3 »5 
3 7<* 
3 46 


Abstract of contraot for constructing dike on Overslaugh , Hudson River, 


Contractor. 

Residence. 

Date of con* 
tract. 

Suiyect of contract 

Remarks. 

William D. Falter.... 

Albany,N.Y. 

Oct *6,1676 

3,000 feet pile dike, 
more or lees. 

To be completed Joly 31, 
1877. 


D a. 

REMOVING OBSTRUCTIONS IN EAST RIVER AND HELL GATE, NEW YORK. 

hallet’s POINT. 

This work was under the superintendence of Capt. W. H. Hener, 
Corps of Engineers, assistant to Lieutenant Colonel Newton until the 
20th of July, 1876. Capt. Janies Mercur, Corps of Engineers, having 
reported for duty in compliance with orders from the War Department, 
was on the 6th of Angust assigned by Lieutenant-Colonel Newton to 
duty as superintendent. 

At the beginning of the fiscal year the excavation at Hallet’s Point 
was complete and the necessary holes for receiving the final charges 
had been drilled* 

Agreements for furnishing the necessary explosives, &o., having been 
made, the work preparatory for the final blast was commenced on 
August 6, and was carried forward from that time until September 24, 
at which date the blast was successfully fired. 

A preliminary report upon this work has already been rendered by 
Lieutenant-Colonel Newton, and a detailed report of the entire progress 
of the work from its inception is now in coarse of preparation under his 
supervision, and will be submitted as soon as completed. 

After the blast, a contract for removing 24,000 tons of broken rook, at 
12.40 per ton, was made with Mr. Emory B. Seward, who is now at work 
in accordance with the terms of the contract. At the beginning of the 
dredging he experienced numerous delays arising from unfamiliarity 
with work of this kind, the breaking of machinery, collisions with sail¬ 
ing-vessels, and the heavy ice running daring the winter; bat, profiting 
by experience gained, he*is now makiug good progress in the work. 

The total amoontof rock to be removed in onler to secure a miuimnm 
depth of 26 feet at mean low-water is about 76,000 tons, or 37,600 c« bio 
yards. 
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Up to tlie end of the fiscal year there has been removed 14,055.61 
tons. 

The result of the dredging shows the whole rock to be thoroughly 
broken up. 

FLOOD ROCK. 

The end of the last fiscal year left the excavation at Flood Bock filled 
with water, the pumps and drilling machines having been removed and 
all work stopped in May, 1876. 

Work was recommenced here on September 30: the water having been 
pumped out, the drills were started upon October 7. The excavation 
was carried forward from this time, working three shifts of eight hours 
each daily until December 31, when the heavy ice running in the river 
reudered it impracticable to continue regular work. The pumps and 
machinery were, therefore, removed from the mine, and it was allowed 
to fill with water. Considerable difficulty was experienced in obtaining 
fresh water for the boilers toward the last of December, owing to the 
freezing of the water in the lead pipe leading to the rock from the shore. 
One day’s work was lost owiug to au extraordinary high tide occurring, 
with high wind, which caused a large quantity of water to flow into the 
mine through the shaft; au entire day was required to pump this out 
far enough to continue work. 

The following is a statement of work done between October 7 and 
December 31,1876: 


Number of feet of holes drilled. 13,311 

Number of holes blasted. 3,303 

Number of drills sharpened. 1,777 

Lobs of steel by abrasion, pounds. 178 

N amber of cubic yards of rock removed. 1,772.2 

Average drilling per cubic yard, feet. 7.51 

Average explosive per cubic yaid, pounds. 2. to 

Average cost per cubic yard. . 72.8c. 


Total expenditure at Flood Rock during October, November, and December, 

iuclnding cost of steamboat, material for aud building dock 40 feet long. ..|20,656.61 

The rock removed was dumped in the shoal-water upon Flood Rock 
and the Gridiron, for the double purpose of covering the Gridiron, as au 
improvement to navigation, and of formiug a sufficiently large area to 
coutain the necessary shops aud engine-houses for continuing the work 
at the fbck. No appropriation having been made for removing the ob¬ 
structions in the East River and Hell Gate for the fiscal year ending June 
30,1878, it became necessary to suspend all work at Flood Rock, except 
soch as was absolutely necessary for the preservation and storage of 
materials. 

The only work done after Janaary 1 consisted in overhauling and 
storing the machinery, rebuilding a portion of the sea-wall torn down by 
ice, moving the laboratory and water-tanks, whose foundations were 
washing away owing to insufficient protection, and taking up the tracks 
for dump-cars for similar reasons. 

As soon as this work was accomplished, the employes were discharged 
and the works left nnder charge of a watchman. One surface-blast was 
made for removing a projecting point of the scaly rocks; sixteen pounds 
of Vulcan powder were used. 

STE AM-DRILLING SCOW. 


The following extracts from the report of Mr. J. H. Striedinger, assist¬ 
ant engineer iu charge of the steam-drilling scow, will give sufficiently 
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fall information of the work performed by this machine daring the fiscal 
year ending Jane 30,1877. 

Captain : I have the honor to report npon the operations of the United States steam* 
drilling scow daring the tiscal year ending June 30, 1877, as follows: 

From July 1 to September 28, 1870, the crew of the scow was employed in assisting 
at the preparations tor and the examination after the destmotion of the reef at Hallet’s 
Point, Hell Gate, New York. 

On October 19,1876, she was towed from Green point, L. I., to Diamond Beef, East 
River, and rock removal was again vigorously begun. 

It was on this occasion that we auchored the scow over the reef in one hoar and 
fifteen minutes, the quickest time on our record. 

The center-anchors being placed from the very beginning exactly where buoyed out 
by me, no change of anchors was required during the whole season. 

• Instead of nitro-gljcerine, Vulcan powder, a kind of lithofracteur, was experiment¬ 
ally used for charging the drill-holes tnis time. 

The tilling of the tin cartridge-shells was done at the Vnlcan Powder Factory, abont 
4,000 yards distant from Diamond Reef. By simnltaneonsly detonating the charges of 
adjacent drill-holes, the maximnm of the explosive effect was always secured. 




Vnlcan powder, and the largest amount of this American lithofracteur used in one 
blast was 1,7284 )*onnds. 

The closeness of the Governor’s Island and the New York City shores, 500 yards dis¬ 
tant from the reef, appears to limit the maximum size of charge, which can be simul¬ 
taneously detonated without bnrtfnl effect upon the nearest strnotnres to about 2,000 
ponnds of this high explosive when distributed in only 26 drill-holes, 7 feet apart, 
drilled in tbe direction of tbe line of least resistance, and tamped by 18 feet of water. 
Messrs. Morris A Cumings’s dredge, in charge of Captain Wilson, was placed over the 
reef on December 4,1876, and continued removing tbe rock broken up by tbe blast 
until the operations were suspended. The time from the middle of December to the 
cessation of operations, December 23,1876, was mostly employed in thoroughly survey¬ 
ing the reef by means of onr sounding apparatus, and in assisting the raising and dis¬ 
posing of unwieldy debris . To this end bowlders and large stoma exceeding 9 tons in 
weight were “ basket-chained ” by our divers, then raised by the dredge and placed ou 
the stone scows. 

On December 18, 1876, a bowlder estimated to weigh 50 tomi was in this manner 
secured to tbe dredge’s chains, and after three futile attempts to lift it abont the water’s 
surface the dredge with this stone held in suspension was moved down stream, aud 
having reached a point off tbe reef indicating a depth of 38} feet at mean low-water, 
tbe big stone was lowered on the river’s bottom. The soundings taken by our divers 
on the highest points of the bowlder giving a minimum depth of 27± feet at average 
low-water, the chains were nnsbackled and the dredge brought back again to the reef. 
Two collisions happened while anchored over Diamond Reef. By the more serious oue 
tbe blacksmith-shop was slightly damaged. 

The dome was lowered sixteen times for drilling purposes. 

The following is a resum 6 of last fall’s drilling, blasting, and dredging operations: 


Total number of boles drilled.-. 18? 

Total number of feet, drilled... 1.997A 


Total amount of Vnlcan powder used in 16 drill-hole blasts, pounds. 14,244 

Cnbic yards of debris removed. 916.25 

Total time of dredging...13 days, 7 hours, 37 minutes. 

Average number of feet drilled by each machine per eight-hour shift. 9.98 

Average depth of hole, feet .. 10.8 

Average cost of linear foot of hole drilled, iuclnding towing scow to reef; run¬ 
ning anchors of scow; moving scow near position of drilling; examining 
position; placing scow over it; lowering dome, locating and placing drills; 
plotting sextant observations; expenses of drilling; cost of sharpening 
drills; expenditure of steel; taking ont the drills and plugging the holes; 
hooking on to dome, and hoisting it np after drilling operations; heaving 

off scow. $3 07 

Average eost of sharpening a drill.$141 

Average number of feet drilled to each sharpening. 10.0 

Expenditure of steel to each foot of hole drilled, ounces. 2.88 

Average cost of dredging and dumping one cubic yard of debris .. $2 97 

The removal of tbe debris not being completed, the items referring to the “ amount 
of explosive nsed per cubio yard,” and the *• total oost of removing one cubic yard of 
bed-rock,” Ac., had to be omitted for the present. 

The very low figure for dredging thus far is due to the presence of the large craters 
of broken stone which the grapple met with at the very beginning. The cost per 
eabic yard for the further remo val of these debris will, therefore, considerably inorease 
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before the 26-foot mean low-water carve is eta eh ad. Daring tbe months of March and 
April. 1877, tbe scow's tender, tbe United States steam-tug Star, was thoroughly re¬ 
paired, and tbe scow herself provided with a new boiler and two additiomu water- 
tanks. 

Owing to tbe lack of funds, last year’s appropriation being nearly exhausted and no 
new one having been granted thus far, no submarine drilling and blasting or dredging 
operations coala be recommenced this spring. 

I shonld not conclude this report without acknowledging the able co-operation I 
again alloyed by Messrs. James R. F. Kelly, Kelles Karrow, T. Conkliu, B. Budgets, J. 
S. Downs, and A. Nolting during the work on Diamond Beef. 

This work is in the collection-district of New York. 

The nearest port of entry is New York City. The amount of revenue colKcted last 
fiscal year was $102,352,037.65. 

The amount of commerce and navigation benefited by the completion of this work 
wonld be about $4,000,000 dally. 

Amouut asked to be appropriated for fiscal year ending June 30,1879: 

Work of steam-drilling scow on Diamond Beef, Frying Pan, and Shell- 


drake. $150,000 00 

Excavations at Flood Bock, (middle reef)...... 450,000 00 

600,000 00 

ORIGINAL ESTIMATE. 

Bemoving reels at Hell Gate and Diamond and Coenties Beefii.$5,139,190 00 


Amounts appropriated— 

By act of Cougress approved July 25,1868_ 

By act of Cougreas approved April 10, 1869... 

By act of Congress approved July 11, 1870.... 

By act of Cougreaa approved March 3,1871... 

By act of Congreaa approved June 10,1872... 

By act of Congress approved March 3,1873.. 

By act of Congress approved Jane 23,1874... 

By act of Congress approved March 3, 1875.. 

By act of Cougress approved August 14,1876 

1,940,000 00 

Deduct amount reverted to United States Treas¬ 
ury. $3,168 65 

Deduct amount allotted to Harlem Biver....... 11,000 00 

- 14,158 55 

-$1,925,841 45 

Amount received from other sources... 151 00 


$85,000 00 
180,000 00 
250,000 00 
250,000 00 
225,000 00 
225,090 00 
225,000 00 
250,000 00 
250,000 00 


1,925,992 45 

Amount expended... 1, e02,636 67 

Amount expended during year ended June 30,1877: 

Bemoving reef at Hallet’s Point.$102,415 56 

Excavations at Flood Bock. 31,799 78 

Steam-drilling scow..... 37,144 80 


Contingencies, engineering, <fcc. 


9,576 54 
*180,936 68 


Money statement . 

Jnly-1, 1876, amount available.$54,141 46 

Amounts received from other sources... 151 00 

Amount appropriated by act approved Augtist 14, 1876.$50,000 00 

-$304,292 46 

Jnly 1,1877, amount expended daring fiscal year. 180,996 68 

July 1,1877, outstanding liabilities .. 3,373 34 

- 184,310 02 

July 1,1877, amount available. 119,962 44 

Amount (estimated) required for completion of existing prqjeot .. 3,213,127 55 

Amount that can be profitably expended in fiscal year ending Juue 30, 

1879..7..*.; 600.000 00 
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Abstracts of bids fbr removing broken rock from Halle? s Point Beef, Astoria, New York 

Opened October 18,1876. 


Morris Sl Comings Dredging Company 

Atlantic Dredging Company. 

John A. Booker. 

Emory R. Seward. 

George Conklin. 


Bidders. 


Price per 
ton. 


•3 00 
3 60 
3 75 
9 40 
7 00 


Jbstract of contract for removing broken rock from Halle?s Point Beef, Astoria, New York. 


Contractor. 

Residence. 

\ 

Date of eon- 
tract. 

Subject of contract. 

Remark* 

Bnory B. Seward.. 

Albany, N.Y.. 

Nov. 9,187S 

Removal of 94,000 tons 
of broken rock, more 
or leas. 

Contract to be completed 
by June 30,1876, aud ex¬ 
tended to November 1, 
1877. 


DESTRUCTION OP SEEP AT HALLET’S POINT. 

Oppice op the Chief op Engineers, 

Washington , D, <7., January 11, 1877. 

Sir: Referring to my annual report for the last fiscal year, page 238, 
it will be seen that the officer in charge of the removal of obstructions 
from East River, New York, reported that the explosion at Hallet’s 
Point (Bell Gate) would take place about September 15, 1876. It did 
Dot occur, however, until the 24th of that month, wheu the complete 
demolition of the reef was accomplished. 

General Newton has made a preliminary report of the operations con¬ 
nected with the destruction of the reef, a copy of which is herewith sub¬ 
mitted. 

In view of the importance of the subject and the general public inter¬ 
est it has excited, I beg leave to suggest that the report be sent to the 
House of Representatives for the information of the Committee on Com¬ 
merce. 

Very respectfully, your obedieot servant, 

A. A. Humphreys, 

Brig . Gen. and Chief of Engineers. 

Hon. J. D. Cameron, 

Secretary of War. 


LETTER OF LIEUT. COL. JOHN NEWTON, CORPS OP ENGINEERS, OF 

OCTOBER 5, 1877. 

United States Engineer Office, 

New York , October 5, 1877. 

General: I return manuscript and printed preliminary report of 
explosion at Hallet’s Point of December 16,1876, corrected. 

I also transmit a new manuscript appendix, which furnishes a com¬ 
plete solution of the explosion of mines by voltaic agency, which it is 
recommended to substitute for the printed appendix. This last is all 
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correct but is incomplete, going really no further than Abbot’s general 
solution. If this substitution cannot be effected, I recommend the print* 
ing of the new paper as a separate article. 

Very respectfully, your obedient servant, 

John Newton, 

Lieut . Col . of Engineers, Bet. Major-Gen *, 0 . & A, 

Brig. Gen. A. A. Humphreys, 

Chief of Engineers, U. 8. A . 


PRELIMINARY REPORT OF OPERATIONS CONNECTED WITH THE DE¬ 
STRUCTION OF THE REEF AT HALLET’S POINT, EAST RIVER, NEW 
YORK. 


United States Engineer Office, 

New York , December 16, 1876. 

General: This preliminary report of the operations at Hallet’s 
Point, including the demolition of that reef on September 24, 1876, is 
respectfully presented. 

For the detailed and complete report of these operations, the indul¬ 
gence of the Department is asked until the facts and experiments re¬ 
corded in this office can be collated. 

The area operated upon, which included all that portion within the 
curve of 26 feet below mean low-water, was 3 acres. This space was 
perforated with 41 radial tunnels, long and short, and with 11 trans¬ 
verse galleries; leaving as supports to the roof 172 piers of the natural 
rock. The aggregate length of tunnels and galleries was 7,425.67 feet, 
and the amount of rock excavated from these and deposited in dump- 
piles on the land was 49,480 cubic yards. 

The work of excavation was commenced in the latter part of October, 
1869, and terminated in June, 1875; deducting the time lost by suspen¬ 
sion of work, due to exhaustion of current appropriations, the actual 
period consumed in this work was four years and four months. 

The appropriations were, under the law, devoted to many reefs in the 
East Kiver and Hell Gate besides the one at Hallet’s Point; the result 
being that work was rarely prosecuted in full force at the last-named 
place. With a more generous grant of money the time consumed until 
the explosion, which amounted in all to six years and ten months, could 
have been reduced to four years. 

As soon as the excavation was finished, in June, 187f, the work of 
drilling holes iu the roof aud piers, to be afterward charged with explo¬ 
sives, was begun. At the completion, March 25, 1876, there had been 
drilled in the roof 5,375 3-inch, and in the piers 1,080 3 inch and 286 
2-inch holes; the total length of holes drilled being 56,548 feet of 3-inch 
and 1,897 feet of 2-inch holes. 

The execution of the foregoing work from July 5,1870, to June 4, 
1872, was under the personal superintendence of Mr. G. C. Iieitheimer, 
now deceased. During his capable and efficient oversight the excava¬ 
tion was mainly effected through haud-drilling and the use of black 
powder. 

The change to machine-drills and quick explosives was gradually 
effected by directions from this office ; and from June, 1872, to June, 
1875, the principal reliance was placed upon these. 

Capl.Wm. H. Heuer,Corps of Engineers, had personal superintendence 
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of the works from June 4,1872, until relieved from duty by orders dated 
July 20,1876. Under his superintendence the larger amount of excava¬ 
tion was effected, and the tunnels and galleries completed. Incidentally, 
and under directions from this office, numerous trials were made of ma¬ 
chine-drills, of the qualities of different steels for drilling purposes, and 
oi the effects of different explosives. Captain Heuer’s services were very 
valuable, his qualities as a faithful, efficient executive officer conspicu¬ 
ous, and his name cannot fail to be associated with the execution of the * 
work. 

The proximity of the reef to habitations at Astoria, Ward’s Island, 
and Blackwell’s Island made it uecessary to devise a system of explo¬ 
sion which, effecting the work of demolition, would at the same time do 
no damage to life and property. 

The atmosphere and the rock being the mediums through which the 
shock would be transmitted, it was essential that the waves propagated 
through these should be made as small as possible. 

It was evident, in the first place, that, if to each charge its full ca¬ 
pacity of useful work in the breaking up of the rock were assigned, 
regard being likewise had to the superincumbent weight of water, no 
external effect of moment would be perceived in the atmosphere. 

In the second place, it was evident that the magnitude of the rock- 
wave would depend greatly upon the amount contained in individual 
charges; that is, if 80 pounds were required for the individual charge, 
the vibration of the rock would be much greater than if these charges 
did not exceed 20 pounds. It was known that 80-pound charges of 
nitro-glycerine, fired in numbers of 12 to 20, did not cause a destructive 
ware. Again, the reef, after excavation, being connected with the rest 
of the rock-formation only through the piers and the outer edge of the 
roof, it was inferred that the shock propagated in the rock should be 
estimated as due mainly to the charges necessary to disrupt the piers 
and roof from their connection with the bed-rock; and also that the ad¬ 
ditional number of charges required to break up the roof and piers 
would not enter largely into the amount of shock transmitted under 
ground. 

These werejthe fundamental ideas upon which the system of mines 
was established. As the tunnels iu radial lines concentrated upon the 
land, an accumulated explosive effect, in that direction was prevented 
by so proportioning the charges that the roof should be broken through 
by the first impulse iu many places, and tbns give vent upward. To 
preveut a concentric explosiou, by which the dSbris might be heaped up 
iu large masses near the center of tho area, the charges in the outer 
zone of the semi-elliptical reef were increased beyond those of the other 
portions, and by this meaus the masses of dibris fell generally back in 
the places to which they originally belonged. Some portious were thrown 
beyond the limits of the reef toward the channel, aud constituted what 
may be termed a dispersive explosion. 

The mode of calculating and arranging the charges was to consider 
the roof-holes as the receptacles of explosives enough to form common 
mines. 

Tbe line of least resistance was assumed as the distance from mid- 
length of the charge to the surface of the rock. Since the charges were 
perfectly tamped by the confined water within the excavation, this rule 
of measuring the line of least resistance was assumed to be practically 
correct. With less perfect tamping, the lines of least resistance for 
Bocb mines designed to break through the roof would have required 
estimates quite different. 
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The average amount of explosives required to break up and dig* 
lodge oue cubio yard in enlargement had already been found to be 0.97 
pounds, and from this resulted, C = charge in pounds = 0.038 1?\ L being 
line of least resistance in feet. 

All roof-holes, excepting those over piers, were treated by this for¬ 
mula. 

The piers, being very irregular in shape and size, would have exacted 
much care and time to have located the holes and proportioned the 
charges to the exact mathematical requirements in each case—one and 
a half pounds of explosive were assigued, as a rule, to each cubic yard 
of the piers—it being considered of the first importance to demolish 
completely these supports of the roof. 

The roof-holes above piers were charged from formula OasL 3 ; being 
successively 0.038, 0.05, and 0.06, increasing from the shaft outward. 

The bodies of piers within the outer zoue were charged with 2 pounds 
per cubic yard. Within the inner zone, where the depth was compar¬ 
atively little, it was considered proper to reduce the charges to the 
smallest limit capable of affordiug a good result, both to avoid disturb¬ 
ance of the atmosphere and to prevent a concentrated action, due to the 
direction of the tunnels upon the land. The increased proportion given 
to the charges within the outer zone favored this intention, by giving 
quick vent to the gases in that direction. 

The cubic oonteuts of the roof and piers were 63,135 yards, and the 
amount of explosives as follows: 

Pound* 


Rend-roek... 9,1274 

Vnlcan-powder.. 11, «5*jl 

Dynamite. 2S, 935$ 


Being at the rate of 0.79 pound to each cubic yard. 
Bend-rock furnished by J. B. Band & Co.: 

Nitro-glycerine. 

Charcoal. 

Rosin. 

Palp, (paper or wood fiber).. 

8nlpbur. 

Nitrate of potash.. 


49,915* 


33.4 parts by weight. 
2.4 parts by weight. 
2.0 parts by weight. 

2.7 parts by weight. 

6.7 parts by weight. 
52. $ parts by weight. 


Vnlcan-powder furnished by B. W. Warren: 

Nitro-glycerine. 

Charcoal... 

Snlphar. 

Nitrate of soda. 


100 


30.0 parts by weigh*. 

10.5 part* by weight. 
7.0 parts by weight. 

52.5 parts by weight. 


100 


Giant-powder No. 1, or dynamite, famished by Atlantic Giant-Powder 
Company, Messrs. Varney & Doe, agents: 

Nitro-glycerine.75.0 parts by weigh*. 

Kieselguhr.25.0 paits by weight. 


100 

The vnlcan-powder was famished at 26 cents, rend-rock at 27 ceots, 
and dynamite at 60 ceuts per pound. 

The first two, in quantities equal to the full amount charged, were 
considered quite sufficient to break up the rock, but as it was conjec¬ 
tural how long the cartridges, from outside interference, might have been 
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left exposed to wet, itr was decided best to nse a certain portion of dy¬ 
namite, as beiug less liable to saturation by water. 

Vnlcan-powder, confined in a tin case left open at one end and ex¬ 
posed to still water until the contents became a mush, had been exploded 
by a fulminate cap, but the force of the explosion was diminished by 
such treatment. 

The explosives were packed at the respective places of manufacture 
in tin cartridge-cases—the last being furnished by the Government. 

The number of holes charged was 4,427 and the number of tins used 
was 13,596—87 per cent, being 22 inches and the remainder 11 inches 
in length. 

The holes being tapering, the cases varied in diameter from If to 2£ 
inches—the intermediate sizes differing by one-eighth of an inch. 

One eud of the tin case was fitted with a screw-cap with rubber wash- 
era, to exclude water, the other end being arranged with four short 
lengths of brass wire soldered on the perimeter of the bottom aud spread 
ont. When the cartridge was pushed home, the wires, by their elasti¬ 
city,pressing agaiust the side of the hole, prevented a failing out. This 
simple and effective device was due to Mr. Bernard Boyle, chief over¬ 
seer of the work. 

Several thousand of the dynamite cartridges, when delivered at the 
works, were, by some misapprehension, not screwed tight; and, as there 
was risk attending rectification of that defect, without taking precau¬ 
tions which would have consumed too much valuable time, it was de¬ 
cided to use them in the condition found; that is, liable to take in 
water. 

Oq the 11th September, the charging of holes was commenced, and 
finished at 9 p. in. on the 20th, consuming nine days. Had the car¬ 
tridges been delivered as agreed upon, this operation would have con¬ 
sumed only about four days. 

After the holes had been charged with tin canisters, the next opera¬ 
tion was to insert the priming charges, which were contained in brass 
tubes. Brass was preferred to tin on account of greater durability in 
salt-water and better protection agaiust leakage—conditions insuring 
the detonators at least against moisture, should the exposure be of long 
duration. 

The amount of these charges, f of a pound to each primer, has been 
included in the graud total already given. The primers contained also, 
as detonators, fuses holding each 20 grains of fulminate of mercury. 
The terminals of two connecting wires were inserted in each fuse, and 
bridged with 0.0015 inch silver platinum wires £ inch in length. The 
fuses, in groups of 20, were connected in continuous series with connect¬ 
ing-wires. A lead and a return wire were attached to each group. The 
fuses, which were very perfect in quality, were furnished by J. R. Rand 
& Go., and manufactured under the immediate direction of Mr. H. Julius 
Smith, their electrician. 

Twenty primers, with fuses and wires properly arranged iu a box, 
with lead and return wires on reels, were carried to each party eugaged 
iu this work. The time consumed in placing 3,680 primers, uureeling 
the lead and return wires, aud leading these out of the shaft, was two 
days and a fraction. 

The conuecting-wires, in lengths varying in the different groups from 
20 to 35 feet, were copper wires of No. 18, American gauge, (0.04303 
inch.) insulated by a coat of gutta-percha; the size, after coating, beiug 
No. 9, Aioericau gauge, (0.11443 inch.) The total amount- used was 
118,525 feet. 
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The lead and return wires were copper wires of No. 12, American 
gauge, (0.080808 iucb,) insulated with two coats of gutta-percha; size of 
coating. No. 4, American gauge, (0.2043 inch.) The total amount used 
was 147,703 feet, in lengths from 250 to 625 feet. 

The connecting and a portion of the lead wires were manufactured 
by S. Bishop; the remainder of the lead wires by Geo. M. Mowbray,of 
North Adams, Mass. 

The charging of the holes with cartridges and primers was the critical 
part of the operation. To insure regularity and avoid confusion, the 
prolific source of accidents, contiguous holes, in groups of 20 each, were 
connected with plug-lines, and the spot marked out where the boxes 
containing the cartridges for a particular group should be placed. The 
numbers and sizes of the cartridges for each bole were known at the 
distributing depot of the cartridges, which was located in the shaft 

As fast as the holes were charged the plug-lines were restored to the 
original places, in order to guide the men intrusted with the primers, 
who were to go over the same ground. 

It must be noted that the plug-lines represented, in reality, the con¬ 
necting wires between the fuses, which were of uniform length iu the 
same group, though varying in that dimension between different ones. 

Owing to irregularity of delivery, there were at times as much as 
15,090 |K)unds of explosives in the general depot, and precautions were 
redoubled until that amouut was reduced within limits. 

The batteries used consisted respectively of 40,43, and 44 cells of ziue 
and carbou, or 960 cells in all, divided into 23 distinct batteries, each 
battery to fire 160 fuses, arranged in divided circuit iu eight groups, of 
20 each. The fluid was made iu the proportion of 6 pounds of bichro¬ 
mate of potassa, 1 gallon concentrated pure English sulphuric acid, and 
3 gallons of water. The formula by which the electrical apparatus, in 
its relation to the mines, was arranged and calculated, was the general 
formula for such batteries, 


C being the current in webers; E the electromotive force; B thejn- 
ternal and r the external resistances. 

Calling N the total number, and n the number of fuses in each group, 


y 


= number of groups. 


Then by the principle that the sum of the currents in the divided paits 
of a circuit is equal to the principal current, 


<7 = 


AT E 
n K+r 9 


C being a maximum when R = r ; e was a known quantity, determined 
by experiment, and representing the webers of curreut required to ex¬ 
plode with absolute certainty n fuses of the kind iu question. (See Ap¬ 
pendix.) * 

In determining the constants for the wires, fuses, and batteries, 
Bradley’s rheostat and galvanometer were the principal instruments 
employed. 

Mr. J. H. Striedinger’s services in these details, as also in those of the 
battery-frames and circuit-closer, were very valuable, and he likewise 
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developed ranch practical skill in layiug down the wire system upon the 
ground without accideut or interference with the other work goiug on* 


Resistance of lead wire, per 100 feet. 0.157 ohms. 

Rrsistauee of connecting wire, per 100 feet. 0.68 “ 

Resistance of fnses, cold. 1.90 “ 

Resistance pf fusee at moment of explosion. 2.01 “ 

Resistance of battery, per cell. 0.15 “ 

Electromotive force of battery, per cell. 1.95 volte. 

Current required to explode fuses in series... 0.675 webeis. 


In the above, the resistances of the wires and the battery and its 
electromotive force were revised by General Abbot with tbeelaboiate 
electrical apparatus of the torpedo-school, who also furnished from his 
experiments the resistances of fuses at the moment of explosiou aud 
tbe amount of current required to explode fuses in series. 

The batteries were manufactured by Charles T. Chester, the size of 
the plate3 being 4£" x 6", and the immersed portions 4J" x 4£". 

The separate batteries were so arranged in two frames that all tbe 
cells could be immersed by the same operation. 

The system, then, consisted of 3,680 mines and 23 batteries, each bat¬ 
tery assigned to 160 tniues, which were divided iuto 8 groups, of 20 each. 
The mines of each group were counected in continuous series, aud a lead 
aud return wire to tbe battery closed the circuit. 

To insure the simultaneous discharge of the whole system “ a circuit- 
closer” was introduced. 

Tbe method, which will be explained, for one division of 160 charges 
will suffice for the others. 

One lead-wire from each group of the division, i. eight in all, was 
counected with one pole of the battery. The other pole was then con¬ 
nected with a brass pin peuetrating through a wooden horizontal disc, 
which, being let go by the rnn, would cause the brass pin to enter a'cup 
filled with mercury, planted iu a second wooden horizontal disc fixed in 
position. If the eight return wires of the same groups were then con¬ 
nected with the brass cap containing mercury, it is evideut that when 
the brass pin entered the mercury-cup tbe circuit would be closed, and 
explosion would result. Obviously, if instead of one pm and one mer¬ 
cury-cup, 23 pins and 23 cups were attached respectively to the two discs, 
and the same connections as just described made for each and every 
division of 160 mines, a simultaneous explosion would result at the 
moment when the upper disc should fall upon the lower. 

Tbe upper disc was held over the lower one and apart from it by a cord 
passing upward and looped over the tin case of a torpedo, securely at¬ 
tached to a frame. This torpedo or cartridge of dynamite was provided 
with a detonator, from which two wires passed to a small battery sit¬ 
uated 2,100 feet distant. The torpedo was fired by closiug this circuit 
with a Morse’s key—the cord being severed allowed the upper disc to de¬ 
scend npon the lower, and thus close the circuit of tbe great batteries. 

Capt. James Mercur, Corps of Engineers, reported for duty August 6, 
1876, and was assigued to tbe works at Hallel’s Point as the critical 
period for the charging of the mines and laying down the electrical sys¬ 
tem approached, which operations he was to superintend. The arrange¬ 
ments for these had been nearly perfected, and there remained only the 
testing of the fuses, and to verity by the actual firing of an experimental 
grouping of fuses the reliability of the formula, in which his services 
were very valuable. From theoretic as well as from practical knowledge, 
this officer was proficient from the start in the work to which he was 
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assigned. Mr. Striedinger, under him, Carried oat the electrical system 
in its various details as already adopted. 

This report should not close without honorable mention of Mr. Bernard 
Boyle, chief overseer, and of Mr. Andrew O. Dwyer, master-carpeuter, 
whose faithful and efficient services during the long period in which they 
have been associated with the works cannot be too highly estimated; 
and also of Mr. Washington Isetts, in chtfrge of steam-machinery, whose 
occasional services at Hallet’s Point have beeu very valuable. 

Mr. William Preuss had been the surveyor at the works almost since 
the commencement, and his duties have been performed with great ac¬ 
curacy and fidelity. 

Messrs. A. Doerflinger and M. A. Lacy, besides having been associated 
at times wiih the surveys there, were, during the preparations for the 
explosion, engaged in calculating and tabulating the numerous charges* 
and in other duties which required accurate perlormance, much care and 
fidelity. 

The siphon was started at 12.07 a* m. on the 23d September, and at 
7.30 p. tn. the excavatious were filled to the level of the tide. 

The mines were fired at 2 hours 50 minutes 3 seconds p. m. on Sep¬ 
tember 24, 1876. 

The explosion was distinguished by the absence of hurtful shocks in 
the atmosphere, in the water, or under ground. 

The elevation of spray, vapor, and gases projected upward, reached 
to the height of 123 teet, measured at the center and highest point. The 
quantity of water actually raised was trifling, as evidenced by the almost 
total absence of a propagated wave. The explosive effort in the air was 
not perceptible, the glasses in buildings close to the dam, and of one in 
particular, ahng the shore-line of the shaft ihelf } not having in a single 
instance been broken. 

The underground shock was trifling, but perceptibly felt in the cities 
of New York and Brooklyn. Along the line of the reef a little plaster¬ 
ing was dislodged from a ceiling in a house 150 yards, and in two houses 
600 yards, from the work. 

The new facts obtained by this experience are: 

1st. That an bulimited amount of explosives distributed in blast holes 
in moderate charges, proportioned to the work to be done, thoroughly 
confined in the rock and tamped with water, may be fired without dam¬ 
age to surrounding objects. 

2d. That an unlimited number of mines may be simultaneously fired* 
by passing electric currents through the platinum-wire bridges of de¬ 
tonators. 

A ruagneto-electric machine would have probably answered as effect* 
ually as the zinc-carbon-bichromate batteries, but its employment would 
not under the circumstances have been convenient. 

Besides preliminary trials to test the passage of the current through 
the fuses, they were proved when put in the mines before and after the 
water was let in. At the last test two of the groups, of 20 charges 
each, failed to indicate a current through them. There were besides 782 
charges which were never connected with the batteries, and were de¬ 
signed to be exploded by concussion. The number of those finally con¬ 
nected with the batteries was therefore 3,640, and of those not con¬ 
nected 822. 

Alter the explosion, an early and thorough examination was made 
with divers, and up to this moment uothiug has been discovered op* 
posed to the confident belief felt in tbe complete demolition of the reef. 
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The coutractor is at work removing the broken rock with a steam- 
grapple. The cost to the Government is $2.40 per ton of 2,240 pounds. 

The total cubic contents demolished by the explosion were 63,135 cubic 
yards, solid. On the dififereut suppositions for the broken debris, of 
once and a half and of twice the original volume, there would result 
respectively 94,702$ and 120,370 cubic yards. The amount of ddbris is, 
however, 80,992 cubic yards, leaving to be accounted for either 7,710$ 
or 39,378 cubic yards. 

it is probable that some of the material broken fine by the explosion 
lias been swept away by the curreuts, and also that a large arnouut has 
been sifted into the interstices of the broken mass. 

The quantity of broken stone to be grappled in order to obtain a depth 
of 26 feet, at mean low-water, is 37,082 cubic yards; aud to obtain a 
depth of 28 feet, 45,488 cubic yards measured in the pile. As, in order 
to obtain the first-named depth, the grapple must penetrate about 1$ feet 
lower, the total arnouut to be removed may be put at 60,000 tous, equiva¬ 
lent to 30,000 cubic yards, solid. 


The amount expended for excavation and explosion at Hallet’a Point has 


been.|962.105 77 

Estimate for removing broken stone. 160,000 00 

Total coet after completion. 1,112,105 77 


Respectfully submitted. 


John Newton, 

. Lieut Colonel Engineers , Bet Maj. Qen. 


Brig. Gen. A. A. Humphreys, 

Chief of Engineers , U. & A. 


SIMULTANEOUS IGNITION OF A NUMBER OF MINES. 

The ignition of mines by electrical agency will depend upon the natnre and arrange¬ 
ment of the batteries, tbe dispositions of the miues, and upon the kind of fnse or 
detonator. 

For low-tension fnses the platinum* wire bridges are heated by the currents either 
from voltaic or magneto-electric batteries. 

The general formula 

E 

C =H + -« 

lo which C is the current in webem, E the electro-motive force of the battery, R the 
internal and r, the external resistances, applies to voltaie, and, so far as tested, to 
magneto-electric batteries, in which the currents are continuously in tbe samedireotiom 

'Phis discoanion will refer particularly to voltaic batteries, but by making proper sub¬ 
stitutions will also apply to magneto-electric machines. 

Any number of oells may be combined in series; that is, having the plates of oppo¬ 
site polarities In contiguous elements connected, aud each elemeut of the series may 
be composed of one or more single elements. 

As with a given number of elements there may be many particular combinations, it 
is desirable to know which of these would prove to be most efficient, and would ignite 
tbe greatest number of mines. 

Bat the combinations possible in grouping tbe mines are likewise many, and it is 
important to as c er ta in which grooping would load to the best result. 
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This figure represents the system of combining the mines iu series, by gronps; that 
is, having the detonators of the mines of a group joined iu regular sequence. A lead 
wire connects each end of a group with a pole of the battery. 

This arrangement is the most general, all other dispositions being but particolar 
forms of it. 


It is required to determine the number of gronps, and the number of mines to a group. 

The experiments at the torpedo school, Willets Point, showed great difference^ 
(in resistances, and in webers of current necessary to ignite,) corresponding to differ¬ 
ent lengths and siees of the platinum wire in the bridges; and the proper selection of 
a bridge for each case would amply compensate for the time bestowed upon this 
branch of the subject. 

*=number of single elements to be combined = a t; 

t =number of elements in series, or number of batteries; 

a = number of siugle elements in one battery or compound element; 

/= resistance of one fuse at moment of iguition, plus that of its connecting wire; 
e = electro-motive force of one element; 
r= resistance of a single element; 

AT= number of fuses to be ignited; 
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x = number to each group; 

c=number of webers of current required to ignite each group ; 

C= total number of webers; 

1=resistance of lead wires to each group. 

The resistances of all the groaps in the system are supposed to bo equal. 



The variables are C, r, t, s, N, and n, and the quantities to be determined are x , f, 

^.and *. 

n 

In divided circuits, the principal current is equal to the sum of the partial currents, 
and hence: 

_ K E 
n c=s R+n* 

E = et, 

, nf+l 

r l = 1 


and.by substitution in general equation: 


c =% c = rrfif+i ’ iEqA - ) 

, + ~F~ 


In a given combination of elements, the maximum effect is obtained when the total 
resistance iu the elements is equal to the resistance of the external parts of the circuit. 
That this law may not be misinterpreted, it must be noted that it supposes the ex- 

16 E 
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ternal resistance cannot be arbitrarily varied, depending, as this does, upon the work 
to be done, which, again, mast be in relation to the arrangement of the battery. 

Differentiating C with respeot to f, aud placing the first differential co-efficient equal 
to zero: 

rt >»/ + ! 

« “ X 1 

it 

or the internal equal to the external resistance. 

From this relation combined with Eq. 1— 


whence, 


X 

n 


e 

'•ITr’ 


(Eq.2.) 


Nt _ e_ 

x n *4vr 


< = 2c£^,(Eq.3;) 


and 

V f 

* = 4 - Be r(/» + 0,(Eq. 4.) 


Before discussing these equations, it is well to remaik that the same results would be 
obtained by differentiating x, or X with respect to t . 

The values of and x obtained from the above simply correspond to particular values 

of t or n, which may be assnmed, and are the best results for such particular cases; 
t it yet remains to find'that combination which will make x a minimum, aud furnish 

X 

^he corresponding values of n and —. 


The relation— 


X t e 

* x » = acr’ a oon8tant > 


shows that as - decreases, ^increasesand x decreases; however, will decrease as a 
n 1 x 1 n 

increases, and hence x is not only a decreasing function of it, but of t also. Since t and 
4t are increasing functions of each other, x will therefore be a minimum when t is a 
maximum; that is, when t = x, or when the whole number of elements is combined in 
^single series. 

If 1, the resistance of'the lead wires to a group, be neglected, these would result: 


1 = 2 cfn 
e * 


X 

n 


~- 8 2cr ,and *“' 


4 Xr&f 

d* • 


As jc here is independent of n or #, it follows that in whatever combination the ele¬ 
ment, or the mines, may be arranged, (provided the equality of the external and in¬ 
ternal resistances be preserved,) there will always result a constant value of x so long 
ns X vemains the same. 

2to**erting to Equations 2 and 4, when x = f, 


sand 


$ = 1, a constaut, (Eq. 5;) 

It i C ?’ 

Xr 2 cl 

x = 4 ^ + -j -1 (Eq. 6.) 


When the problem of ignition is applied in practice, it mast start with a given value 

•of X or of x ; assuming either, the values of x, X } n, and — will be defined. 

From Eq. 5 it appears that the number of groups will not vary from variation of tbe 
mumber of elements, as long as these are combined in single series. 

£y substituting value of f, Eq. 3, in Eq. 1, 
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in which C and n are variables, and Cn = No; also, Eq. 4 gives, 

a - A * r . * (/. •+% 

* — 4 tie* 4 

in which x and a are variables. 

If a be laid off on axis of abciss&s, and C and x upon axis of ordinates, there will be 
formed two curves, which it is proper here to discuss. 

The second differential co-efficients of C with respect to a, and of ft with respect to 
C, being of the same sign with the respective co-ordinates, the curve is convex toward 
both axes of co-ordinates; 

d c 

«=°; d7,=®; 

that is, the axis of ordinates is one asymptote; 

d c 

n=ao; dTi = 0 ’ 

or the axis of abcissaB is the other asymptote. 

From Eq. 4, 

d x 4 Xc*rl 
• d n n* c* ’ 

and a similar discussion holds true with respect to this curve. 

-v 

is the equation of a hyperbola referred to its center and asymptotes. 

Vrc # 

* = 4 V-r (/» + *) 

is the equation of a hyperbola referred to an asymptote as axis of ordinates, the axis 
of abcissas being parallel to the other asymptote, and at a distance from the center 
equal to 

4 s* 

a b is the curve of webers of current between the values of 

* 2rcN 
n = 2 and « = —-—. 

The dotted portion results from assigning other positive values besides these to n in 

^ „ Nc 

Eq.C==—• 

In the same manner c i, is the curve of Eq. 4, giving number of elements required 

2 tcX 

from n = 2 to « = —-—) 

and the dotted portion results by assigning other positive values besides those to n. 

The line « f, parallel to axis of abcissas, corresponds to values of* from Eq. 4 when 
/ — o, 

The value of o changes when » is made less than 2. 

The results determined may be briefly summed op: ^ e 

First. If the' resistance of the lead wires be neglected the arrangement of the 
in the battery, or what is equivalent, the number of fuses in a group, may be 
aasomed arbitrarily without changing the number of elements required to ignite a 

^flAwind'^Wben the resistance of the lead wires cannot be neglected, the best arrange¬ 
ment for the elements would be in a single series; such disposition requiring a min- 
hT imber of elements to a given number of fuses. t . , , 

im A<> Point the resistance of the lead wires could not be neglected, and hence 

rule appeared to be applicable. By that rule, however, it would have be- 
tbe 8e ^ flrT divide the number of mines, 3,6d0, into 9 groups of 409 mines each. 

have been great objections to stringing 409 fuses iu continuous series, 
sinceT* defect of connection in one would have prevented the ignition of the whole 

gronp. 
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SKETCH SflOWING THE CURVES. 



Besides, the lengths of connecting and leading: wires for mines situated in variona 
parts of the galleries were quite different, and their eleotrical resistances correspond¬ 
ingly so. Hence it was found best to divide the whole number of mines into 23 divia- 
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ions of 160 each, subdividing each division into groups, and to appoint a separate bat* 
tery to each division. 

Notwithstanding this wide departure from the second rule, the excess in the num¬ 
ber of elements required by it was only about 23. 

Another point to be attended to is this: To give an excess, of energy beyond that 
prescribed by the formulas to the battery, in order to compensate for deficiencies in 
insulation, imperfect connections, &c. 

The amount of this excess will be determined in each instance by the above men¬ 
tioned considerations and by preliminary trials in all important works. 

General H. L. Abbot, Corps of Engineers, is the first electrician, it is believed, who 
has determined formulas which involve the number of fuses^ the number in a group, 
the electromotive force of the battery, and t.be various resistances. The discussion 
above given aims at a complete solution of the explosion of mines by voltaic bat¬ 
teries. 


d 3 . 

DREDGING MUD-BARS IN HUDSON RIVER, OPPOSITE JERSEY CITY. 

An examination anil survey of that portion of the river between the 
Jersey City Ferry and the Gunard docks, from which 163,639 cubic 
yards of material were removed during the fiscal year ending June 30, 
1876, was made during the spring of 1877. This survey shows that the 
amount so excavated has been replaced by about 100,000 cubic yards 
of material, which has been washed in by the currents, leaving nearly 
the same depth of water as existed before the dredging was done. 

No farther dredging has been done daring the year, and none is rec¬ 
ommended until some plan of improvement which gives promise of be¬ 
ing permanent is devised. 

In this connection I would respectfully refer to letters upon this sub¬ 
ject of LieutenantColonel Newton of January 4 and April 5, 1877. 

Collection-district, New York. Nearest port of entry, New York. Amount of rev¬ 
enue collected, $102,352,037.65. Amount of commerce to be benefited by completion 
of the work,-. 

ORIGINAL ESTIMATE. 


Dredging 221,300 cubic yards, at 40 cents.. $88,528 00 

Contingencies and engintering... 13,279 20 

101,807 20 

Amount appropriated by act of Cougress approved March 3, 1875 . 25,000 00 

Amount expended.... 25,000 00 

Money statement . 

July 1, 1876, amonnt available. $101 05 

July 1,1877, amount expended during fiscal year. 101 05 

Amonnt (estimated) required for completion of existing project. 76,807 20 


LETTERS OF LIEUT. COL. JOHN NEWTON, CORPS OF ENGINEERS. 

1 . 


United States Engineer Office, 

New YorAr, January 4, 1877. 

General l Mr. Strickland Kneass, in his communication, reports that 
there is— 


A shoal in the harbor of New York directly opposite the docks occupied by the Ca¬ 
nard line of European steamers at Jersey City, that seriously interferes with the move¬ 
ments of those vessels on their arrival and departure, &c. 


I would respectfully recommend that an examination by accurate sur- 
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vey be made of this shoal as soon as the weather will permit, because 
if the statements of Mr. Eneass should be verified, it would prove to be 
the most conclusive argument against the application of further funds to 
dredge there, as the mud-shoal in front of the Cunard docks was dredged 
for a length of 350 yards, and one year since to a depth of 28 feet at mean 
low-water. 

I respectfully refer to the conclusions of my report upon the shoal off 
Jersey City, and published in the report of the Chief of Engineers for 
1875, Part 2, and also to my letter of May 26,1875, addressed to tbe 
Chief of Engineers. 

Deferring to the experience to be furnished by an examination of the 
dredged portion of the shoal in front of Jersey City, and referring to the 
map sent with the report of February 1,1875, by which it will be plainly 
perceived that the main ebb-current washes the New York shore, the pres¬ 
ent inference would be that, as long as the present state of things endures, 
deposits must take place on the New Jersey side faster or slower accord¬ 
ing to the scour in the channel, which again would depend upon the elon¬ 
gation of piers, diminishing the cross-section between New York and Jer¬ 
sey City. 

No examination of currents above Castle Point has been made, but 
the soundings appear to indicate that the ebb-currents are thrown 
over to the New York side by deflecting from the New Jersey shore at 
or above Castle Point, and that the remedy appears to be to prevent this 
sharp deflection by a wall indicated upon the sketch or by cutting away 
Castle Point, the last being the heavier work. 

It appears to be time to seek for the evil at its commencement, and 
to attempt a radical cure, and I recommend in case the examinations 
continue to prove unfavorable for the economical application of dredging, 
to make a thorough examination of the river at and above Castle Point 
in order to furnish therefrom a project for permanent improvement. 
Very respectfully, general, your obedient servant, 

John Newton, 

Lieut. Col . of Engineers , Bvt. Maj. Gen. 

Gen. A. A. Humphreys, 

Chief of EngineerU. S. A. 


2 . 


United States Engineer Office, 

New York, April 5, 1877. 

General : I have respectfully to transmit results of a survey made 
of the mud-shoal off Jersey City, in virtue of the authority coutained in 
letter of January 30, last, from the office of the Chief of Engineers. 

The amount of stuff removed by dredges during the interval of tbe 
two surveys recorded in the tracing was 163,639 cubic yards, measured 
in the scows, or, say, 112,000 cubic yards measured in situ. The actual 
difference, calculated from tbe chart, between the surfaces of the bed of 
the river, is ouly 14,777 cubic yards; leaving about 100,000 cubic yards 
to be accounted for by tilling. This tilling has undoubtedly been due to 
the flowing in of tbe mud from the sides of the excavation," as well as to 
the deposit of silt from eddies or slackened currents. 

Under the revelations of this comparative chart, I cannot recommend 
the devotion of any more funds by the Government to dredging in front 
of the wharves of the Cunard line. 
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!fbe remedy for the defect of filling in which takes place along the 
pier line of Jersey City below Castle Point, and with more or less pro¬ 
gress every year, does not lie in dredging. 1 

Very respectfully, general, yonr obedient servant, 

John Newton, 

Lieut. Col. of Engineers, Bvt. Maj. Qen* 
Gen. A. A. Humphreys, * ' 

Chief of Engineers , U. S. A. 


LETTER OF THE CHIEF OF ENGINEERS. 

Office of the Chief of Engineers, 

Washington , D. CApril 10, 1877. 

Sir : Referring to the letter of Mr. Strickland Kneass, of the lOtb 
November, 1876, calling attention to the shoal in the harbor of New 
York, directly opposite the docks of the Canard line of steamers, and 
asking its removal by the United States, &c., I beg leave to say that 
by authority of the Secretary of War, dated January 13, 1877, a survey 
of the locality was made by Colonel Newton, Corps of Engineers, a copy 
of whose report thereon, with accompanying map, is herewith submitted. 

About a year and a half since, the section near the docks of the Ca¬ 
nard line was dredged to a depth uot less thau 26 feet, and in many 
places a depth of 28 feet at mean low-water was reached, and the result 
of the survey just completed shows a large filling up since that period* 

Colonel Newton says: 

Under the revelations of this comparative chart, I cannot recommend the devotion? 
of any more lands by the Government to dredging in front of the wharves of the* 
Canard line. 

The remedy for the defect of filling in which takes place along the pier-line of Jersey 
City below Castle Point, and with more or less progress every year, does not lie in 
dredging. 

I concur in his views. 

The previous papers iu the case are herewith returned. 

Very respectfully, your obedient servant, 

A. A. Humphreys, 

Brig. Oen. and Chief of Engineers * 

Hon. Geo. W. McCrary, 

Secretary of War. 


[Indorsement.] 


The Secretary of War approves the view of the Chief of Engineers. 
By order of the Secretary of War. 


April 12, 1877. 


H. T. Crosby, 

Chief Cleric. 
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D 4. 

IMPROVING HARLEM RIVER, NEW YORK. 

There being no appropriation for this work, no operations were con 
ducted during the year. 

This work is in the collection-district of New York. Nearest port of entry, New 
York. Amount of revenue collected for fiscal year ending Jnne 30,1876, $102,352,037.65. 
Amount of commerce to be benefited by completion of the work,-. 

ORIGINAL ESTIMATE. 


I. Piers Nos. 1, 3, and 4, of old bridge off foot of East One hundred and 

fourteenth street, Harlem, 674.2 cubic yards, at $6 per cubic yard.. $4,045 20 

II. Candle-Factory Reef, foot of East One hundred and twenty-second 

street, Harlem, 1,149.46 cubic yards, spread over an area of 2,529 

square yards, at $72.81 per cubic yard. 83,703 00 

III. Flat rock off foot of East One hundred and twenty-fifth street, Har¬ 

lem, 304 feet from Harlem shore, 333.6 cubic yards, spread over an 

area of 508 square yards, at $97.13 per cubic yard. 32,404 00 

IV. Small rook in midchannel off East One hundred and twenty-fifth street, 

Harlem, 470 feet from Harlem shore, 23.9 cubic yards, spread over 

an area of 122 square yards, at $194.56 per cubic yard. 4,650 00 

V. Small rock at mouth of Mott Haven Canal, 470.59 cubic yards, spread 

over an area of 261.2 square yards, at $45 per cubic yard. 21,176 55 

Contingencies, 15 per cent, of the above. 21,896 82 


Total. 167,875 57 

Amount appropriated: 

Allotment from appropriation “for continuing the improvements in East 

and Harlem Rivers,” approved Jnne 23, 1874 a. 11,000 00 

By act of Congress approved March 3,1875. 10,00000 


21,000 00 

Amount expended.. 21,000 00 


Money statement. 

Amount (estimated) required for completion of existing project.$146,875 56 

Amount that can be profitably expended iu fiscal year ending June 30,1879. 50,000 00 


D 5- . 

IMPROVING PASSAIC RIVER, NEW JERSEY. 

The appropriation for this river not having become available until the 
1st of April, 1877, but little work has been done, as the balance of former 
appropriations was nearly all expended during the last fiscal year. 

Work was commenced in April upon the small drilling-scow to get it 
in order to commence operations, and on May 24 was towed to Belle¬ 
ville Bar, and the channel cleared of loose stones for a distance of about 
75 feet. On the morning of the 3d of May, it was towed to Kutherford 
Park Bar, and work commenced for removing loose stones and bowlders 
from the sides of the cut made two seasons ago. From the time of com¬ 
mencing work to the end of the year, 395 cubic yards of stoue had been 
removed, and 685 feet of channel cleared. 

This work is in the collection-district of Newark, N. J. Nearest port of entry, New¬ 
ark, N. J. Amount of revenue collected, $4,243.52. Amount of commeice to be bene¬ 
fited by the completion of this work, $1,000,000. 
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ORIGINAL ESTIMATE. 


Middle Bar, dredging... $936 00 

Middle Bar, diking.... 66,375 00 

Belleville Bar, dredging. 15,50100 

Rutherford Park Bar, dredging. 14,112 00 

Holoman’s and small bars above, dredging. 12,000 00 

Contingencies. 15,000 00 


Money statement 


123,924 00 


July 1,1876, amount available. $463 47 

Amount appropriated by act approved August 14, 1876. 10,000 00 

10,463 47 

Joly 1,1877, amount expended daring fiscal year. 1,898 01 

July 1,1877, amount available... 8,565 46 

Amount (estimated) required for completion of existing project. 23,924 00 

Ainonnt that can be profitably expended in fiscal year ending June 30,1879. 23,924 00 


D 6. 


IMPROVING EAST CHESTER CREEK, NEW YORK. 


The State commissioners appointed to purchase and condemn the 
marsh laud through which the proposed cbahuel is to be cut, having 
completed their labor and secured to the United States the necessary 
ground and right of way, the work was advertised, and on March 31, 
1877, contract was made with John Satterlee for dredging a cut 100 feet 
wide, at mean high-water mark, 9 feet in depth below mean high-water 
mark, and about 2,200 feet iu leugth; in making this cut about 3,149 
cubic yards of rock have to be excavated, and 1,210 feet of pile-dyke, 
and 140 feet of crib-dike, have to be built to revet a portion of the east¬ 
ern bank of the cut. 

Work w-as commenced about April 16, 1877, aud at the close of the 
fiscal year the following work had been done: 

906 cubic yards rock removed. 

5,936 cubic yards mud dredged. 

This work is in the collection-district of New York. Nearest port of entry, New York. 
Amount of revenue collected, $102,352,037.65. Amount of commerce and navigation 
benefited by completion of the work would be $2,238,203, anuualiy. 


ORIGINAL ESTIMATE. 


Basin, purchase of site, 18 acres, at $150... $2,700 00 

Excavation to level of mean low-water 200,000 cubic yards, at 40 cents. .. 80,000 00 

Excavation of cut 60,000 cubic yards, at 40 cents. 24,000 00 

Diking and revetting banks of cut. 12, 000 00 

Engineering and contingencies. 17,800 00 


J36,500 00 


Amount appropriated: 

By act of Congress approved March 3, 1873. 25,000 00 

By act of Congress approved March 3, 1875 . 12,000 00 


37,000 00 
7,281 13 


Amount expended 
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Money statement 


July 1, 1876, amount available. $30,820 82 

July 1, 1877, amount expended during fiscal year.$1,101 95 

July 1, 1877, outstanding liabilities. 1,010 46 

- 2,112 41 

July 1, 1877, amount available. 28,708 41 

Amount (estimated) required for completion of existing project. 99,500 00 


Abstract of proposals for dredging , rock cutting , and diking in East Chester Creek , »*> 

York , opened March 28, 1877. 


Names. 

i 

to 
n «: 

u 

2* 

si 

Diking. 

Amount. 


I s * 

o> 

o n 

PI 

1210 feet 
pile. 

140 feet 
crib. 


Thou. McCann... 

10 22 

#5 00 

$5 20 

$3 50 

$33,087 00 

John B. Healy. 

19 

1 79 

4 07 

3 19 

20,126 01 

Peter W. Mvers. 

22 

2 48 

4 10 

4 10 

1 23,90409 

James Dubois. 

26 

3 00 

5 00 1 

3 00 

28,397 00 

Elisha G. Gay. 

20 

2 75 

3 86 1 

2 38 

23,963 55 

John F. Ward. 

17 

3 00 

4 00 

6 00 

23,287 00 

Edwin H. French. 

22* 

2 50 

4 00 1 

6 00 

24,359 50 

John Beattie. 

25 

6 50 

5 00 

4 95 

30,211 50 

Lafayette Lentz.1 

John n. Bvron.> 

24 

2 50 

1 

4 95 

1 

4 01 

25,943 40 

Dan’l C. Hickey.J 

Cornelius Houlihan . \ 

J ohn B. Doyle.) 

111 

9 50 

3 87 

i 

3 87 

19,020 41 

John Satterlee. 

16 

95 

5 50 

6 00 

18,166 55 

Caldwell B. Benson. 

28 

3 25 

3 00 

3 00 

27,724 95 

James D. Leary. 

m 

2 83 

3 48 

3 48 

22,909 67 


Bids of Leuts, Byron, and Hickey not made in duplicate. 


Abstract of contract for dredging, rook-cuiting t and diking in East Chester Creek , New York 




























APPENDIX D. 


251 


Money statement . 


Jnly 1,1876, amount available. $2,236 70 

July 1,1877, amount expended daring fiscal year. 36 70 

July 1,1877, amount available. 2,200 00 

Amount (estimated) required for completion of existing project. 84,632 00 

Amount that can be profitably expended in fiscal year ending June 30,1879. 60,000 00 


D 8. 

IMPROVING HARBOR AT RONDOUT, NEW YORK. 

Duriug the winter of 1876 and 1877 tbe ice destroyed about 200 feet 
of tbe north dike, and cansed considerable damage to other portions of 
tbe dike. This damage was repaired by rebuilding the destroyed por¬ 
tion, strengthening the pile-work, and refilling with stone the parts 
injured—3,149 cubic yards of stone being used. 

Under appropriation of August 14,1876, contract was made May 29, 
1877, for the construction of the branch dike, 870 feet in length, jand 
work was commenced about June 20,1877. The channel south of the 
north dike is still much narrower than is desirable, and will require the 
completion of the original project before the improvement becomes 
permanent. 

Rondout is in the coUection-district of New York; nearest port of entry is New 
York; amount of revenue collected, $102,352,037.65; amount of commerce and navi¬ 
gation benefited by the completion of this work would be $80,000,000 annually. 


ORIGINAL ESTIMATE. 

North dike. $41,600 00 

Branch dike. 34,400 00 

South dike. 59,600 00 

Dredging channel. 14,400 00 

Contingencies and engineering. 22,500 00 


Total. 172,500 00 

Amount appropriated: 

By act of Congress approved June 10,1872 . 10,000 00 

By act of Congress approved March 3,1873. * . 20,000 00 

Amounts allotted June 8, 1875: 

From repairs of harbors on Atlantic coast. 762 18 

From contingencies of rivers aud harbors, &c. 237 82 

By act of Congress approved August 14, 1876 . 30,000 00 


61,000 00 

Amount expended. 37,710 23 


Money statement . 

July 1, 1876, amount available. $9 31 

Amount appropriated by act approved August 14, 1876. 30,000 00 

, * -$30,009 31 

July 1,1877, amount expended during fiscal year. 6,719 54 

July 1,1877, outstanding liabilities. 5,193 90 

-11,913 44 


July 1,1877, amount available. 18,095 87 


Amount (estimated) required for completion of existing project. Ill, 500 00 

Amount that can be profitably expended in fiscal year ending J une 30,1879. 70,000 00 
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Abstract of bids for constructing pile-dike at Bondout Harbor, New York, opened Hag 24, 

1877• 


Bidders. 

Price per linear foot. 

Bidders. 

| Price per linear foot 

! 


$7 97 

Francis Pidgeon.. 

$3 25 

John H. Marshall. 

8 81 

Henry V. Sloat & Bro_ 

597 

Stephen Milan_ 

12 67 for first 100 feet 

Rose Sanford Sl Co. 

9 90 

Do__ 

6 05 for balance 

Joseph L. Powley. 

7 95 

Gilbert Earle. 

i 13 42 

James D. Leary. 

10 49 


Abstract of contract for constructing pile-dike at Bondout , New York. 


Contractor’s name Aid address. 

Date of con- i 
tract. 

Snttject of contract. 

Remarks. 

H. V. Sloat & Bro., Jersey City, N. J_ 

May 29,1877 j 870 feet of pile-dike, 

| more or less. 

Commence work J one 13, 
1877, and complete same 
December M, 1877. 

D 9 . 


IMPROVING CHANNEL BETWEEN STATEN ISLAND AND NEW JERSEY. 

No work has been done at this point during the year. The reasons 
which were assigned for not carrying out the origiual and extended pro¬ 
ject for improvement have gained additional weight by the establish¬ 
ment of a large coal-shipping port at Perth Amboy, thus removing 
almost entirely the coal-carryiug trade from this channel. 

Efforts are now being made to find out from those most largely inter¬ 
ested in the improvement of this channel what, in their opiuiou, the 
needs of commerce require. 

This work is in the collection-district of New York'. Nearest port of entry, New 


York. Light-house, Bergen Point. Amount of revenae collected,-. Amount of 

commerce to be benefited by the completion of this work,-. 

ESTIMATE OF BOARD OF ENGINEERS. 

Dredging 230,000.cubic yards, at 16 cents. $36,800 

Contingencies, 10 per cent.-.. 3,680 


Money statement . 

July 1, 1876, amount available. $2*29 74 

Amount appropriated by act approved August 14, 1876. 10,000 00 

Total. 10,229 74 

Amount available. 10,229 74 

Amount (estimated) required for completion of existiug project. 30,480 00 


D io. 


IMPROVING HARBOR OF PLATTSBURGH, NEW YOfeK. 


During the year no operations have been conducted. Mr. D. White, 
assistant engineer, reports: 

The navigation of North Plattsburgh Harbor, New York, has become much impaired 
by the formation of a bar or shoal extending eastwardly from the face of the “south 
dock ” toward the breakwater, and thus contracting the channel to such an extent as 
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to render the ingress or egress of vessels, when the lake is at its normal stage, embar¬ 
rassing. This snoal is principally the accumulation of silt from the wash aud disinte¬ 
gration of the clay bluffs lying south of the harbor during the prevalence of southerly 
storms for the past nine years; a similar shoal, and in about the same locality, having 
been dredged in 1868. 

The erection, within the past few months, of a wooden revetment 
extending several hundred feet along the base of the bluffs, by the New 
York and Canada Railroad Company, will in part, if not wholly, prevent 
in future the growth of such impediments. The removal of this shoal 
would greatly contribute to the well being of general commerce. 

Nearest port of entry, Plattsburgh, in the collection-district of Champlain. Amount 
of revenue collected last fiscal year,-. Amount of commerce benefited by com¬ 
pletion of this work,-. 


Money statement. 


July 1,1876, amount available.$4,941 52 

July 1, 1877, amount available. 4, 941 52 


D xx. 

IMPROVING HARBOR AT BURLINGTON, VERMONT. 

Mr. D. White, assistant engineer, submits the following report: 

• The superstructure of an extension of 160 linear feet of breakwater, under contract 
with James D. Hancock, extending in a northerly direction, has been completed. 

The repair of the 220 lineai^feet of the southern end of the break¬ 
water, injured by ice-floes during the terrific storm in the month of Feb¬ 
ruary, 1876, has been commenced and is well advanced toward comple¬ 
tion, the work having been carried up to within two courses of the 
necessary height, which latter, together with the 26 feet of crib for clos¬ 
ing up the gap existing between the sundered section (of 220 feet) and 
the main body of the work, and other repairs near the northern end, 
will be completed between July 1 and October 3, 1877. 

Burlington Harbor is a port of entry. Collection-district, Vermont. Nearest fort, 
Fort Montgomery, New York. Amount of revenue collected, $985,000. 


• Amount appropriated: 

By act of Congress approved March 3,1875. $25,000 00 

By act of Congress approved August 14,1876. 20,000 00 


45,000 00 

Amount expended. 29,522 85 


Money statement. 


July 1, 1876, amount available. . $7,590 71 

Amount appropriated by act approved August 14,1876 . 20,000 00 

27,590 71 

July 1,1877, amount expended during fiscal year. 12,113 56 

July 1,1877, amount available. 15,477 15 


Amount (estimated) required for completion of existing projeot. 295,000 00 

Amount that can be profitably expended in fiscal year ending June 30,1879. 50,000 CO 
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D 12 . 

IMPROVING HARBOR AT SWANTON, VERMONT. 

Mr. D. White, assistant engineer, submits the following report: 

The superstructure of aq, extension of 69 linear feet of breakwater, under contract 
with James D. Hancock, has been completed. 

Under the appropriation of August 14,1876, of $2,000, no work baa 
been done, as the amount is not sufficient to construct a crib large 
enough to withstand the pressure of ice brought against this work in 
the spring, and it is proposed to defer the construction of auother crib 
until an additional appropriation is made. 

Swantoh Harbor is in the collection-district of Vermont. Nearest port of entry, 
Windmill Point. Nearest fort, Fort Montgomery, New York. 


ORIGINAL ESTIMATE. 

For 1,900 linear feet of breakwater...$272,160 00 

Amount appropriated: 

By act of Congress approved March 3, 1873 . 15,000 00 

By act of Congress approved J une 23, 1H74 . 8,000 00 

By act of Congress approved March 3, 1875 . 10,000 00 

By act of Congress approved August 14, 1876 . 2,000 00 


35,000 00 

Amount expended. 32,389 35 

Money statement . 

July 1, 1876, amount available. $3,411 85 

Amount appropriated by act approved August 14, 1876 . 2,000 00 


5,411 85 

July 1, 1877, anoint expended during fiscal year. 2,801 20 

'July 1,1877, amount available.•. 2,610 65 

Amount (estimated) required for completion of existing project.. 237,160 00 


D 13 . 

IMPROVING OTTER CREEK, VERMONT. 

Mr. D. White, assistant engineer, submits the following report: 

No appropriation was made for this work for the fiscal year ending 
June 30, 1877. 

For completing the improvement of the channel and west side of the 
basin, the amount needed will be $43,146. 

Vergennes is in the collection-district of Vermont. Nearest port of entry, Burling¬ 
ton, Vt. Nearest fort, Fort Montgomery, N. Y. 

ORIGINAL ESTIMATE. 


Dredging, dikes, and facine-work... $57,646 00 

Removing trees. 500 00 


58,146 00 


Amounts appropriated: 

By act of Congress approved J une 10,1872.. 10,000 00 

By act of Congress approved March 3,1875... 5,000 00 


15,000 00 

Money statement. 

July 1, 1876, amount available.. $63 69 

July 1, 1877, amount expended during fiscal year. 7 85 


July 1, 1877, amount available. 55 84 


Amount (estimated) required for completion of existing project...... 43,146 00 

Amount thatcan be profitably expended in fiscal year ending June 30,1879. 20,000 00 
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ANNUAL REPORT OP LlEUTfeN ANT-COLONEL J. D. KURTZ, 
CORPS OF ENGINEERS, FOR THE FISCAL YEAR ENDING 
JUNE 30, 1877. 


United States Engineer Office, 

Philadelphia , Pa., July 13, 1877. 

General : I have the honor to transmit herewith my annnal reports 
for the river and harbor works in my charge for the fiscal year euding 
June 30,1877. 

Very respectfully, your obedient servaut, 

J. D. Kurtz, 

Lieutenant-Colonel of Engineers . 

Brig. Gen. A. A. Humphreys, 

Chief of Engineers, U. 8. A . 


E i. 


CONSTRUCTION OF PIER NEAR LEWES, DELAWARE. 

The expenditure of the* remainder ($28,500) of the appropriation of 
$30,000, made August 14, 1876, having been authorized, a contract was 
entered into with Messrs. Paulding, Kemble & Co., of the West Point 
Fouudry, Cold Spring, N. Y., (the lowest bidders,) for the supply of 20 
pile-shafts and all the parts belonging to them. One delivery of 10 
shafts and corresponding parts has been made. 

The substructure of the pier has been built out from 1,533 to 1,575 
feet, or two rows of piles have been inserted in place. A steam-engine 
has been substituted for mules as the motive-power in lifting and 
placing the piles, with marked success. 

Small appropriations, necessitating frequent suspensions and the stop¬ 
page of work from the fall of 1875 till the spring of 1877, have delayed 
the completion of this structure greatly. The machinery and appli¬ 
ances had deteriorated seriously, and it was necessary before commenc¬ 
ing the season’s work to rebuild and replace certain portions. 

It is important that a sufficient amount to complete the work next 
season be appropriated, as it is scarcely probable that the expensive 
derrick and its platform will last longer. 

The particulars of the operations to June 30, 1877, are given in the 
report of the officer, Capt. William Ludlow, Corps of Engineers, in im¬ 
mediate charge of the work, as follows: 


During the latter part of April a partial beginning had been made by opening the 
buildings in which toe material on band was mainly stored, getting it out, and repair¬ 
ing and cleaning the buildings themselves. 

Doling the long suspension of work, (sinoe October, 1875,) a gradual but increasing 
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deterioration of all the property had taken place, and nearly the entire month of May 
was occupied in completing the preparations for a new season’s operations. 

The pier was completely constrncted (with the exception of the fender system, which 
has not yet been commenced) to a distance of 1,386 feet from shore, the heavy timber¬ 
ing farther extending to 1,428 feet, and the iron-work, including the 73d bay, and at¬ 
taining a distance of 1,533 feet from the zero of the abutment. 

There were on hand 10 pile-shafts, with their complement of braces, &c., with which 
to begin work while awaiting the new deliveries of iron from the contractors. 

As it had been determined to substitute steam for the mules previously need as the 
motive-power for the work, considerable modifications bad to be made in the details of 
apparatus, the principal being in the main derrick, upon the platform of which the 
hoisting-eugine was to be placed. 

A considerable amount of new material, such as cordage, blocks, harness, iron, lum¬ 
ber, &c., was also required to replace what had become unserviceable and to render 
the apparatus thoroughly efficient. 

During the last days of May the 74tb row of piles (the first of the new work) was 
completed. 

This row went down with nnnsnal difficulty, as evidenced by the crushing of the 
cast-iron cams which in the screwing-down apparatus clamp the pile, and by the 
breakiug of doubled chains of iron an inch in diameter which were put on to replace 
them. 

A new cam was made of wrought iron with a steel face, which appeared able to 
withstand the pressure. f 

It was found that the cast-iron wheels and<brackets used under the derrick to facili¬ 
tate moving forward were soon crushed by the weight of the structure, and these, 
after once obtaining new ones, which were again broken, were replaced by sliding- 
shoes of yellow-pine timber bolted in pairs with a tongue between as a guide. 

Early in June the 75th row of piles, 1,575 feet from shore, was set in place, exhaust¬ 
ing the material on band. 

The resistance of these piles was much less than that of the preceding ones. 

The contract called for the delivery of one complete bay on June 5, out as sending 
this down alone would have necessitated transportation by rail and left the iron at the 
railroad-pier at a considerable and inconvenient distance from the work, and as it was 
reported that a second bay would be ready by the 13th, it was decided to partially sus¬ 
pend operations from the 14th to such time as both bays could be delivered at once. 
The interval until the 23d, upon which day the schooner arrived from Cold Spring 
with the desired freight, (having been delayed by bad weather and head winds,) was 
improved by performing with a reduced force various necessary miscellaneous works, 
and by making such alterations and modifications of the apparatus as had shown them¬ 
selves to be desirable. 

A test was made of the strength of the 4-iuch by 9-inch joists of the superstructure of 
the pier by constructing and loading with 8 piles, weighing about 81,000 pounds, an 
imitation bay of 6 inches greater span than in the pier. 

The total average deflection under this superimposed weight was seven sixteenths 
of an inch. 

Preparations were made for testing the weight-supporting capacity of the piles them¬ 
selves, by loading one with 6 others ou its cap, suitably supported, the pile to be tested 
being in the last row and unsupported except by its diagonal connection with the ad¬ 
jacent ones. This test was not completed before the end of the month, but was made 
on July 2, the center pile of the »75th row being loaded with 6 others, and exhibiting 
a result of no depression. The weight of 60.000 pounds thus thrown ou one pile is 
much greater than in any probability it will ever have to bear, and is, in addition, 
largely within its capacity to withstand. 

An additional delay was found to be occasioned by the absence of the outer longi¬ 
tudinal brace belonging to the outer row of piles. The lower collars to which these 
braces are attached are in 4 pieces, with 4 bolts and nuts, securing the lower ends of as 
many braces. As the diver could not, unaided, secure these at once, it becomes necessary 
to bolt them all together loosely and lower them over the head of the pile, after which 
the diver can set them up and the bracing can be completed. This difficulty was rem¬ 
edied by ordering an additional set of braces (longitudinal) from the contractors. 

The bracing is the most tedious and uncertain part of the work, depending as it does 
upon the coincidence of favorable weather with low tides, the upper collars being at 
about the level of mean low-water. 

The shafts, braces, and caps of eleven bays were painted with coal-tar, put on as hot 
as possible, the scale having been previously hammered off. 

Some such expedient for protecting the pile-shafts from corrosion will probably be a 
yearly charge, as the prolonged grinding action of the ice will iuevitably scour the 
iron and leave it again exposed. 

A full and careful inventory of all materials on band was completed in June. 

It is to be regretted that the appropriation was insufficient to admit of furnishing 
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enough iron to complete the pier, of which two bays only will remain to be completed 
at the clone of the season. The work conld have been done for very little more than 
the eoet of the iron, say $7,500. 

Daring the present fiscal year work will be continued nntil the mate¬ 
rial for two more bays (now in process of manufacture by the contract¬ 
ors) is placed in the structure. This will about exhaust the present ap¬ 
propriation. 

It is proposed next season to complete the pier proper; protect the 
pierhead by a suitable fender-system ; lay out on each side, and off the 
end, a series of anchors, with buoys attached, for the convenience of 
vessels coming to and lying alongside the pier, and put down a rail¬ 
road-track 2,700 feet in length, to counect the pier with the railroads of 
the locality. 


The original estimated cost of the pier was. $387,419 G7 

Which was increased, on account of the advance in prices of iron and labor 
and the operations of the 8-hour law, by. 24,000 00 


411,419 57 


Total amount appropriated to Jnne 30,1877.$305,000 00 

Total amount ex (tended to Jnne 30, 1877 . 284,253 bO 

Original estimated amount required to complete the work. 106,419 67 

Owing to the decreased price of iron and use of wood instead ot iron in the 

fender-system, this sum may be decreased by. 55,819 67 

And the pier can now be completed for. 50,600 00 

Abstracts of proposals and contracts are herewith. 

Money statement . 

July 1,1876, amount available. $75 43 

Amount appropriated by act approved August 14, 1876 . 30, U00 00 

-$30,075 43 

July 1,1877, amount expended during fiscal year. 9,253 80 

July 1,1877, outstanding liabilities. 9,500 00 

- 18,753 80 


July 1,1877, amount available. 11,321 63 


Amount (estimated) required for completion of existing project... 50,600 00 


Amount that can be profitably expended in fiscal year euuiug June 30,1879.. 50,600 00 


Abstract of proposal9 for iron for landing-pier, near Lewes , Delaware , received April 16,1877. 


Xa 

Name of bidder. 

Total bid 
for mate¬ 
rial. 

Tooommence 

To complete 

Remarks. 

i 

1; Paulding, Kemble Sc Co., Cold Spring, 

l X. Y. 1 

$10,433 83 

Apr. 36.1877 

Ang. 15,1877 


Si 

Patterson Iron Company, Patterson, 
X.J. 

10 ,988 33 

Jnne 5,1877 j 

i Ang. 5,1877 


si 

Macpberson, Willard Sc Co., Borden- 
town, X. J. 

13,083 53 

June 5,1877 

Ang. 5,1877 


41 

J 

Seyfbrt, McManus Sc Co., Philadel¬ 
phia, Pa. 

14,981 8* 

June 5,1877 

Ang. 5,1877 

Guaranty blank. 


Abstract of contract for constructing pier near Lewes , Delaware . 


Otte of con¬ 
tract. 

Contractor. 

Material. 

Rates per pound, delivered. 

To oomplete 

Apr. 7,1877 

Panlding, Kemble Sc Co., 
Cold Spring, N. Y. 

Rolled, hammered, 
and cast iron. 

Braces, 4.9 cents; screw- 
bands, 8 cents; pile- 
shafts, 4 cents; screw- 
bnckles, 15 cents; yokes, 
15 cents; bolts and nuts. 

9 cents; collars ana, 
clamps, IScents; screws 
and caps, 4.5 cents. 

Aug. 15,1877 


17 E 
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£ 2 . 

IMPROVING ICE-HARBOR AT NEW CASTLE, DELAWARE. 

A contract for the removal of 110 feet in length of the coal-wharf 
below the piers, in addition to the 108 feet removed last year, has beeu 
executed, and the work has been commenced. 

A contract has also been made for the construction of the crib foun¬ 
dation of a new ice-pier, under which work will be commenced early 
next month. This pier is the last contemplated by the present plan of 
improvement, and during the present fiscal year ttie foundation will be 
completed to the level of low-water, in readiness for the stone super¬ 
structure. 

Next year it is proposed to complete this pier, and to dredge out the 
accumulated sediment, for which purposes an appropriation of $24,000 
is asked. 

New Castle is in the collection-district of Wilmington, Del., which is also the near¬ 
est port of entry. Fort Delaware is the nearest fort, and the Bulkhead Shoal range- 
light the nearest light-house. 

Abstracts of proposals and contracts are herewith. 


Total estimated cost of improvement. $120,000 00 

Total amount appropriated. 91,500 00 

Total amount expended. 77,081 73 


Money statement 

July 1, 1876, amount available. $3,094 40 

Amount appropriated by act approved August 14, 1876. 12,000 00 

15,094 40 

July 1, 1877, amount expended during fiscal year. 676 13 

July 1,1877, amoant available.. 14,418 27 

Amount (estimated) required for completion of existing project.. $28,500 00 

Amoant that can be profitably expended in fiscal year ending June 30,1879. 24,000 00 
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Abstract of contracts for improving ice-harbor at New Castle , Delaware, 


Date of con¬ 
tract. 

Contractors. 

Nature of work. 

Price. 

To complete. 

June 16,1877. 

American Dredging Company, Phila- 
1 delphia, Pa. 

Removing 110 feet coal- 
wharf. 

$4,000 

Dec. 31,1877. 

June 19,1877. 

Peirce, Rowe & Co., Frankfort. Me., 

1 and Ira Lunt, New Castle, Dei 

Construction of wooden 
orib in place. 

9,597 

Nov. 10,1877. 


E 3- 

IMPROVING HARBOR AT WILMINGTON, DELAWARE. 


By the act of August 14, 1876, $16,000 were appropriated “ for re¬ 
moving obstructions from, and the improvement of the harbor at Wil¬ 
mington, Delaware. 77 

The expenditure of the appropriation was not determined on until 
March 31,1877. A project for its application was then submitted and 
approved, and advertisements issued under date of April 9, 1877, in¬ 
viting proposals for dredging mud and removal of fast rock from the 
harbor. The proposals were opeued on the 30th of April, 1877, and con¬ 
tracts awarded and executed, and operations for the removal of mod 
were commenced May 12,1877, and tor the removal of rock June 26, 
18 77. 

The price bid for dredging was below the estimated price, which will 
admit of a larger amount of material being removed than was antici¬ 
pated. The price for removal of fast rock is also below former rates. 

During the interval between the suspension of operations for the im¬ 
provement of this harbor, on March 31, 1876, and the resumption of 
work under the present appropriation, a gradual contraction of the 
channel has been going on, both in width and depth, at the several 
localities heretofore improved. 

During the fiscal year ending June 30,1877,88,000 cubic yards of soft 
mud have been removed from this harbor from the following localities, 
namely: From the channel-way, just above the Christiana light-house, 
and advancing up stream for 1,250 feet, 33,000 cubic yards; from a point 
in the channel about 2,500 feet below the mouth of Brandywine Creek, 
advancing up stream for 1,500 feet, 22,000 cubic yards; along the north 
side of the channel, above the mouth of Brandywiue Creek, extending 
up stream above Third street to a point on the prolongation of Front 
street, 26,000 cubic yards ; and from the south side of the channel-way, 
above Market street, 7,000 cubic yards. 

The result of these improvements has been to re-open the channel just 
above the light-house, and above Third street to Front, and just above 
Market street, to the width of 150 feet and depth of 12 feet, at mean 
low-water. The channel, commencing at a point 2,500 feet below the 
mouth of Brandywine Creek, and advancing up stream, has been in¬ 
creased in depth so as to afford fully 12 feet at mean low-tide, and a 
width of 150 feet. 

The contractor for the removal of fast rock from the south side of 
chanuel below Third street has machinery adapted for the work in posi¬ 
tion, and is operating successfully. 

During the present season it is proposed to complete the work under 
existing contracts by the removal of about 5,000 cubic yards of mud de¬ 
posit from the channel, near the mouth of Brandywine Creek, and the 
removal of about 210 cubic yards of fast rock. 
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Next season it is proposed to continue the improvement of the harbor, 
on the north side of the channel, just above the buoy depot, for 1,200 feet 
np stream; along the south side of the channel from the Christiana Iron 
Company’s wharf, up stream to the mouth of Brandywine Creek; the re¬ 
moval of a point that protrudes into the channel on the south, just above 
tbe mouth of Brandywine Creek, and along the north side of the chan¬ 
cel from opposite the Lobdell Works, up stream to near Market street. 
This will require the removal of about 80,000 cubic yards of material, 
and will require an appropriation of $17,000. 

Wilmington is in the oollection-district of Delaware, and is a port of entry. The 
Leaiest light-house and fort are, respectively, Christiana light and Fort Delaware. 

Tbe amount of revenue collected at Wilmington during the fiscal year ending June 
30,1877, is $6,814.65, and at Philadelphia $6,410,594. 

Abstracts of proposals and contracts are herewith. 


The original estimate for improving Wilmington Harbor, Delaware. $83,000 00 

Total amount appropriated to June 30,1877 . 63,000 00 

Total amount expended to J une 30,1877 . 56,419 00 


Money statement, 

inly 1,1876, amount available. $120 29 

Amoant appropriated by act approved August 14,1876 . 16,000 00 

-$16,120 29 

Joly 1, 1877, amount expended daring fiscal year. 3,606 48 

July 1, 1877, outstanding liabilities. 5,932 80 

- 9,509 28 


Joly 1,1877, amount available. 6,581 01 

Amount (estimated) required for completion of existing project. 20,000 00 

Amount that can be profitably expended in fiscal year ending June 30,1879. 17,000 00 


Abstract of proposal* for improvement, by removal of fast rock, of Wilmington Harbor , Del¬ 
aware, received April 30,1877. 


Rate per 
cubio 
yard. 

To begin— 

To complete— 

17 40 

June 1,1877 

Ang. 1,1877 

24 50 
28 00 
37 00 ' 
30 00 

May 15,1877 
May 30,1877 
Oct. 1,1877 
May 7,1877 

Aug. 1,1877 
Oct. 30,1877 
June 30,1878 
June 30,1877 


Name of bidder. 


Remarks. 


1 Frederick Patterson. 


Thomas Cummings. 

O. J./enning*. 

George W. Townsend. 

American Dredging Company . 


Rate in this proposal was 
changed, by letter re¬ 
ceived before bids were 
opened, to #27.47. 


Abstract of proposals for improvement, by dredging , of Wilmington Harbor , Delaware, re¬ 
ceived April 30, 1877. 


So. 

Name of bidder. 

Rate per 
cubic yard., 

To begin— 

1 

j To complete- 

Remarks. 

, 


14} c. 

.Tnlv 1.18T7 1 IW 15 IftT? 


% 

Morris & Cuming* Dredging 
Company. 

17 c. 

30 Jays after 
. signing pa- 


Guarantors not certified. 

3 

American Dredging Company 

10 c. 

hfay * 7,1877 

1 June 30,1877 


4 

J. H. Fenner. 

alO c., Ml 
c., el2} 
o., dl4 c. 

May 10,1877 

Aug. 20,1877 


3 

Frederick Patterson. 

17 c. 

June 10,1877 

Nov. 1,1877 



*10 e. above Christiana ligbt-honse. Ml c. below month of Brandywine Creek. 

of Brandywine Creek, d 14 c. above Market street. 


c 12} c. above mouth 
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Abstract of contracts for improving harbor at Wilmington , Delaware, 


Date of 
ooutraots. 

Contractor. 

Nature of work. 

Rate per cubic 
yard. 

To ooinplotc— 

May 12,1877 

American Dredging Company, Phila¬ 

1 Dredging innd. 

|0 10 

June 30,1877 


delphia. Pa. 




May 10,1877 

Thomas Cummings, New York City .. 

! Removing fast rock. 

1 

24 50 

Aug. 1,1877 


E 4 . 

IMPROVING HARBOR AT MARCUS HOOK, PENNSYLVANIA. 

During tbe fiscal year ending June 30,1877, no expenditure of funds 
has been made at this harbor, its condition being substantially the same 
as mentioned in the last annual report. The harbor, though small, 
proved of much value to commerce during the past winter, the record 
kept showing that 208 vessels, mostly large ones, sought this harbor for 
protection from the heavy moving ice in the Delaware from December, 
1876, to about the middle of February, 1877. 

The only repairs required to the ice-piers are at the upper outer one, 
a portion of the top course of which has been moved slightly on its bed, 
and tbe down stream stone mooring-post of which has in consequence 
been moved very triflingly from its origiual position. The two wooden 
landing-piers, which are used dnriug severe winters in connection with 
the detached piers, show the effect of the severe storm and high tide of 
last September. No timber was displaced, but the earth-filling was 
badly washed away. The upper timbers to these shore-piers have de¬ 
teriorated rapidly the past year, and require prompt repairs, which, 
with those required by the upper outer stone pier, will cost about 
$ 2 , 200 . 

It is proposed to examine these piers with a view of placing an en- 
rockment around their bases, if found necessary. 

Money statement 


July 1,1876, amount available. |6,701 91 

July 1, 1877, amount expended during fiscal year... 359 00 

July 1,1877, amount available.:. 6,342 91 


E5. 


IMPROVING ICE-HARBOR AT CHESTER, PENNSYLVANIA. 


By the act of August 14, 1876, $2,600 were appropriated “ for the con¬ 
struction of ice-harbor at Chester, Pennsylvania.” 

The expenditure of the appropriation was authorized December 2, 
1876. A project was submitted January 6, 1877, and subsequently ap¬ 
proved, for repairing the ice-piers and bulkhead of tbe upper line, and 
the reconstruction of the two connecting bridges. The limited amount 
ot the appropriation madejt advisable to do the work by hired laborand 
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purchase of materials iii open market, for which authority was received 
from the Chief of Engineers. 

Owing to the continuation of cold weather, with considerable frost in 
the ground, and to the harbor continuing filled with vessels moored to 
the piers, operations on the repairs did not commence until the latter 
part of February, 1877, after which they were continued without serious 
delay till about May 1, completing the repairs to piers and bulkhead, 
and the reconstruction of the two connecting bridges. 

The materials purchased and used, superintendence, labor, aud office 
expenses in doing this work, with the cost of same, were as follows: 


For white pine timber.. $535 21 

For yellow pine timber. 280 00 

For oak timber. 59 34 

For iron. 245 19 

For earth filling. 96 00 

For painting . 30 00 

For superintendence, $410; workmanship, $844.26. 1,254 00 

For office expenses. 100 00 


2,600 00 

The condition of the ice-pier, bridge, and causeway on the lower line 
is substantially the same as reported last year. 

This harbor, though not generally resorted to as a harbor of refuge, 
was quite valuable the past winter. It afforded shelter for about 25 
large-class schooners, several tug-boats aud barges, aud 1 dredging- 
machine. 

Chester is steadily increasing both in population and manufactures. 
One of the largest iron-shipbuilding establishments in the United States 
is located here. 

Chester is in the collection-district of Philadelphia. The nearest port of entry, light¬ 
house, and fort are respectively Philadelphia, Fort Mifflin light, and Fort Mifflin. 

The amount of reveune collected at Philadelphia daring the fiscal year ending June 
30,1877, was $6,410,594. 

Money statement 


Amount appropriated by act approved August 14, 1876.$2,600 00 

July 1,1877, amount expended daring fiscal year. 2,600 00 


E 6. 


IMPROVING SCHUYLKILL RIVER, PENNSYLVANIA 


By the act of August 14,1876, $20,000 were appropriated “ for the 
improvement of the Schuylkill River, Pennsylvania.” Subsequently 
$15,000 of this sum were allotted for expenditure by letter from the office 
of the Chief of Engineers of September 15, 1876, and the balance of 
$5,000 by letter of April 30, 1877. 

Projects for the expenditure of each of these amounts were submitted 
aud approved. 

Daring the fiscal year ending June 30, 1877, the improvement of this 
river has been directed to deepening of the channel, from its mouth up 
stream to opposite the outlet of the back channel uorth of League Island, 
so as to afford 24 feet depth of water at ordiuary low tide, with a width 
of 150 feet. 


This work is being executed under contract with Morris F. Brainard, 
of Albany, N. Y., dated November 16, 1876. Operations in dredging 
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commenced the latter part of November, 1876, and continued until cold 
weather, when the machinery was withdrawn for the winter. Work 
was resumed early in March, 1877, and is now in progress. 

The result of these operations to July 1,1877, has been the excavatioi 
of a channel from the 24-foot curve in the Delaware, up stream for about 
3,500 feet, with a width of 80 feet for a distance of 2,600 feet, and 50 feet 
in width for the remaining distance, affording 24 feet depth of water 
at ordinary low tide. About 50,000 cubic yards of material have beta 
removed. 

The improvement in progress at this point is a modification of tb$ 
original project for the improvement of this river, as recommended in 
my report for 1875. It is to enlarge the cut from the Delaware into the 
Schuylkill until it shall have a width of 300 feet, aud a depth of 24 feet 
at low-water. 

During the present season it is proposed to continue the dredgingat 
the mouth, increasing the width of the channel with each cut, aud elect¬ 
ing a depth in accordance with the project. 

Glider the allotment of $5,000, advertisements were issued inviting 
proposals, which were opened June 4,1877, and a contract awarded and 
executed. 

It is proposed to expend this amount by continuing the improvement 
of the river near Gibson’s Point, which will admit of the removal of 
about 18,000 cubic yards of sand, gravel, and stones. This work is ex¬ 
pected to be executed during the present season. 

During the next fiscal year it is proposed to continue the improve¬ 
ment of the river by completing the deep channel at the mouth; by re¬ 
moving about 3,000 cubic yards of gravel from the east side of the cut 
just above Penrose Ferry bridge, so as to make a uniform width to tbo 
channel at that locality; by removing 400 cubic yards of fast rock from 
the channel off “Gibson’s,” and about 50,000 cubic yards of sand and 
gravel from the channel-way between “ Gibson’s” and Gray’s Ferry bridge. 
The last-mentioned work to be with a view of affording 18 feet depth of 
^ater at ordinary low-tide. This will require an appropriation of $65,000. 

The trade and commerce benefited by this improvement embrace for¬ 
eign trade in grain and petroleum, (which is very large, as the following 
statement will show,) lumber and marble, and domestic trade in lumber, 
granite, &c. 

Office of Peter Wright & Sons, 

Philadelphia , July 6, 1877. 

Number of vessels at Point Breeze from June 30,1876, to Jane 22, 1877, inclusive : 
Steamers, 2; ships, 32; barks, 199; barkentineB, 3; brigs, 40; schooners, 45; sloops, 21 
barges, 52 ; total, 375. 

Amount of petroleum aud its products shipped from Point Breeze from July, 1876, to 
June, 1877, inclusive: Refined,363,859; crude, 338,278; benzine, 38,921; total,740,959 
barrels. 

Number of vessels at and shipment of grain from Girard Point elevator from July, 
1876, to June, 1877, inclusive: Steamers, 26; ships, 15; barks, 282; brigs, 6. Total 
vessels, 329; total bushels, 12,500,000. 

Number of vessels at aud estimated sbipineuts of petroleum from Gibson’s Point 
from July, 1876, to June, 1877, inclusive: Ships, 13; barks, 109; brigs, 11; schooners, 
2; barges, 98. Total vessels, 233; total barrels, 223,000. 

Peter Wright & Sons. 


Original estimated cost of improvement.$257,700 00 

Increased estimate of 1874, ($40 per cubic yard for rock instead of $25)_ 42,000 00 

Increase as recommended in last yearVreport for additional depth and width 
at the mouth of the river. 75,000 00 

374,700 00 

Total amount appropriated. 000 00 

Total amount expended.”11 “111111 "III 1561469 00 
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This work is in the collection-district and port of Philadelphia. The nearest light¬ 
house is Fort Mifflin light. The nearest fort is Fort Mifflin. 

The amount of revenue collected ut Philadelphia during the fiscal year ending June 
30,1877, was $6,410,594. 

Abstracts of proposals aud contracts are herewith. 

Money statement. 


Joly 1, 1876, amount available. $99 85 

Amount appropriated by act approved August 14, 1876 . 20,000 00 

- $20,099 85 

Joly 1,1877, amount expended during fiscal year. 6,096 06 

July 1,1877, outstanding liabilities. 2,5:14 71 

- 8,630 77 


July 1,1877, amount available. 11,469 08 


Amount (estimated) required for completion of existing project. 209,700 00 

Amount that can be profitably expended in fiscal year euding June 30,1879 . 65,000 00 

Abstract of proposals for improving Schuylkill River , Pennsylvania , received November 2,1876. 


b 

£ 

8 

a 

K 


Name of bidder. 

>> 

SI 

To commence— 

To complete— 

E. H. French, Volney. Oswego Co, N. T.. 

Charles J. De Graw, Volney, Oswego Co., N. Y. 

Edgar M. Payn, Ali»a?»\\ N. Y . 

Morris & CutningSADredging Company, New York City 

Morris F. Brainard, Albany, N. Y .. 

American Dredging Company, Philadelphia. 

Cents. 

30 

14 

86 

80* 

11* 

13* 

When required. 
Nov.90. 1»76 .... 

Apr. 10,1677_ 

Apr. 1,1877. 

Nov. 8,1876. 

Nov. 6,1876. 

When required. 
Nov. 90. 1877. 
June 30,1H77. 

May 81,1877. 

J nne 30.1877. 
June 30,1877. 


Abstract of proposals for improving Schuylkill River , Pennsylvania , received June 4,1877. 


£ 

£ 

a 

a 

fc 

Name of bidder. 

Dredging, 
rate per 
enhic yard. 

To commence, 

To complete 

1 

& F. Shelbourne.. 

Cents. 

19 

July 1,1877 

Oct. 1,1877. 

9 

The American Dredging Company. 

91 

July 8,1877 

Nov. 1, 1877. 

3 

M. F. Brainard. 

18 

Sept. 15,1877 

Nov.30, 1877. 


Abstract of contracts for improving Schuylkill River , Pennsylvania . 


Date of con¬ 
tract. 

1 

Contractor. 

Locality. 

Character of dredging. 

41 

A '2 

SI 

To complete. 

Nor. 16,1876 

M. F. Brainard, 

From month up stream 

Mud and sand. 

Cents. 

11* 

Jane 30,1877. 

July It, 1877 

Albany, N. Y. 

M. F. Brainard, 

Gibson's Points. 

Sand, coarse gravel, 
and stone. 

18 

Nov. 30 , 187 a 


Albany, N. Y. 




E?. 

IMPROVING DELAWARE RIVER, BELOW PETTY’S ISLAND. 

By act approved August 14, 1876, $40,000 were appropriated for this 
improvemeut, aud iuder an allotment from this amount of $35,000 by 
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letter from the Chief of Engineers of September 15, 1876, a project for 
the expenditure of this sum was submitted aud approved, and adver¬ 
tisements issued inviting proposals for the improvement of the river at 
Fort Mifflin Bar. A contract for the work was awarded to and executed 
with the American Dredging Company of this city. The contractors 
commenced operations in dredging about the middle of November, 1876, 
and, excepting the winter months, the improvement has been in progress 
since that time without cessation. 

Under this contract the work has been applied to the removal of ad¬ 
ditional material from Fort Mifflin Bar, along the westerly side of the 
improved chaunel near its eutrance into the New Jersey Channel on the 
south, so as to give increased width to the chaunel through the bar at 
that point, and to remedy the tendency of the southerly edge of the bar 
from extending into the New Jersey chaunel. 

The cut of 22 feet depth of water at low-tide continues here, excepting 
a small area at its northerly end, uenr the entrance to the Pennsylvania 
Chaunel. This will be remedied by the removal from the bar at this 
end of a triangular piece similar to that now being removed at the south¬ 
westerly end of the channel. 

The work of the past year for the improvement of this river has been 
the removal of about 100,000 cubic yards of sand at Fort Mifflin Bar, 
and the removal of a wreck from the north side of the chanuel about a 
half-mile below the Horseshoe Buoy. 

During the present season it is proposed to complete the widening 
of the cut at the south end of the improved channel at Fort Miffliu Bar, 
and commence and complete the removal of the triangular portion of the 
bar adjoining the improved channel at its eutrauce to the Pennsylvania 
Channel north. This will require the removal of about 50,000 cubic 
yards of material. The unallotted balance of $5,000 for the improve¬ 
ment of the Delaware River below Petty’s Island having been made 
available April 30, 1877, a project for its expenditure will be submitted 
as soon as the work now iu progress at Fort Mifflin Bar approaches com¬ 
pletion. With the balance of the appropriation it is proposed, after 
completing the work now in progress, to remove a wreck from the chan¬ 
nel a short distance above Pea-Patch Islaud, (Fort Delaware,) aud oue 
from the channel north of the buoy or the u Middle” Delaware Bay, and to 
resume the improvement of the channel at Bulkhead Shoals by dredging 
away a projecting point on the northern and western side of the channel. 

A careful survey should be made of the improvement at Fort Miffliu 
Bar, (to embrace an area of a half-mile each side of the chaunel,) to de¬ 
termine what additional work, if any, is required there. 

During next season it is proposed to continue the improvement of 
the channel of the river at Bulkhead Shoals by dredging at the locality 
where work was suspended in the fall season of 1875, so as to deepen 
and straighten the channel, and afford 21 feet depth of water at ordinary 
low tide. 

Vessels with a draught of 22 feet now pass through the cut at Fort 
Mifflin Bar at any stage of the tide. The benefit to commerce derived 
from this improvement is of great value to Philadelphia. The foreign 
trade of Philadelphia for 1876 aggregated nearly $71,000,000; a much 
larger sum than was reached by the trade of any previous year. 


Original estimated cost of improvement.$275,000 00 

Total amount appropriated. 40,000 00 

Total amount expended. 19,326 03 


Abstracts of proposals and contracts are herewith. 
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Money statement. 

Amount appropriated by act approved August 14, 1876.. $40,000 00 

July 1,1877, amount expended during fiscal year. $14,163 95 

July 1, 1877, outstanding liabilities. 5,102 08 

- 19,326 03 


Jnly 1,1877, amount available.. . 20,673 97 


Amount (estimated) required for completion of existing project. 235,000 (JO 

Amount that can be profitably expended in fiscal year euding June 30,1879. 100,000 00 

Abstract of proposals for improving Delaware River, at Fort Mifflin Bar, received November 

2,1876. . 


j 

! 

Name of bidder. 

Rate, cubic yard. 

To oommenoe— 

To complete— 

1 

E. H. French, Volney, Oswego County, New York .. 

$0 35 

When required . 

When required. 

2 

Charles J. Do Graw, Voluey, Oawego Couuty, Now 
York. 

12 ; 

Nov. 20,1876... 

Nov. 20,1877. 

3 

Morna Sc Cuming* Dredging Company, New York 
City. 

23 

May 1,1877 .... 

Oct 30,1877. 

4 

American Dredging Company, Philadelphia, Pa.... 

16 

1 Nov. 6,1876 . 

June 30,1877. 

5 

Morris F. Brain aril, Albany, N. Y. 

17* 

Nov. 8,1876 _ 

June 30,1877. 


Abstract of contract for improving Delaware River , below Petty's Island . 





w. 



to 

2 



O 





u to 

>» 


8 



to e 

to 


u 

o 

to 

Contractor. 

Locality. 

It 

«e*o- 

A 

s 

» 

oT 

To complete— 

& 



JS 

U 

% 


Nov. 17,1876... 

American Dredging Company, 
Philadelphia, Pa. 

Fort Mifflin 
Bar. 

Sand, mud, and 
gravel. 

|0 16 

Jane 30,1877. 


£ & 

IMPROVING DELAWARE RIVER, BETWEEN TRENTON AND WHITE HILL, 

NEW JERSEY. 


There was no appropriation made for this work by the last session of 
Congress, and nothing has been done since operations were suspended 
ia therfall season of 1&75. At that time a channel had been excavated 
sroand Periwig Island, with a width of not less than 125 feet, affording 
6 feet depth of water at low tide. 

Should an appropriation be made for this work for the next year, it 
is proposed to continue the improvement of the channel at this locality 
in maintaining its depth and increasing its width. 

An appropriation of $10,000 for the next fiscal year is asked for con- 
tinning the improvement of the river between Trenton and White Hill. 

Trenton is in the collection-district of Burlington, Philadelphia being the nearest 
port of entry. The nearest light-house and fort are, respectively, Fort Mifflin light 
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and Fort Mifflin. The revenue collected at Philadelphia daring the year ending Jane 


30, 1877, amounted to $6,410,594. 

Original estimated cost of the work...$75,000 00 

Total amount appropriated to June 30,1877 . 45,000 00 

Total amount expended to June 30, 1877.. 45,000 00 

Money statement . 

Amount required for completion of work.$30,000 00 


Amount that can be profitably expended in fiscal year ending June 30, 1879. 10,000 00 


E 9. 

IMPROVING BRQADKILN RIVER, DELAWARE. 

No work has been done at the improvement of this river since the 
spring of 1874, when the appropriation of $10,000 was exhausted. 

Should au appropriation be made by Cougress, it is proposed next 
season to continue the original project for the improvement by dredging 
the river at the shoal places, and by opening an iulet into the bay at 
the junctiou of the Broad kiln and Lewes Creeks. 

This work is in the collection-district of Wilmington, Del., which city is the nearest 
port of entry. Fort Delaware is the nearest fort, and Delaware Breakwater light is 
the nearest light-house. 


Original estimated cost of the work.$80,447 00 

Total arnouut appropriated to June 30, 1877 . 10,000 00 

Total amount expended to June 30,1877. 10,000 00 

Money statement . 

Amount required for completion of the improvement...$70,447 00 


Amount that can be profitably expended in fiscal year ending June 30,1879. 10,000 00 


E xo. 

IMPROVING THE NORTH AND SOUTH BRANCHES OF THE SHREWSBURY 
RIVER, NEW JERSEY. 


No work has been executed for the improvement of this river since 
1873, when operations ceased for want of funds. 

During the years 1871, 1872, and 1873, $19,000 were expended in 
dredging at various points on this river. Since then several chauges 
in the channel have occurred. 

During the season of 1875 a partial survey of the north branch and 
main river was executed, a report of which was submitted in my an¬ 
nual report for 1876. 

It is proposed next season to continue the improvement by dredging 
the channel at Upper and Lower Rocky Points, and constructing a de- 
flecting-dike at the latter. An appropriation of $18,000 is asked for 
these purposes. 

Shrewsbury River is in the collection-district of Amboy; fort at Sandy Hook is the 
nearest fort; and Navesink lights are the nearest light-houses. 


Total amount appropriated to June 30, 1877 . $19,000 00 

Total amount expended to June 30,1877. 19,000 00 


Money statement . 

Amount (estimated) required for completion of existing project.$18,060 00 

Amount that can be profitably expended in fijcal year ending June 30,1879. 18,000 00 
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E ii. 

IMPROVING COHANSEY CREEK, NEW JERSEY. 

This improvement remains in an incomplete condition, no appropria 
tion having been made for this work for the last three fiscal years. 

An appropriation of $10,000 is asked for continuing the improvement 
in accordance with the project submitted December 9, 1872. 


Original estimate of cost. $30,000 00 

Total amount appropriated to Jnne 30, 1877 . 10,000 00 

Total amount expended to June 30, 1877. 10,000 00 


Cohansey Creek is in the collection-district of Bridgeton, N. J., which is the nearest 
tort of entry. Fort Delaware is the nearest fort, and Cohansey light is the nearest 
ight-honse. 


Money statement. 

Amount (estimated) required for completion of existing project.$20,000 00 

Amount that can be profitably expended in fiscal year ending June 30,1879. 10,000 00 


E 12. 

DELAWARE BREAKWATER. 

This work remains substantially in the same condition that it did at 
the date of the last annual report. 

The Western Union Telegraph Company have a station on the break¬ 
water with shore couuectiou, as reported last year. 

Appended hereto is a table showing the uumber of vessels seeking 
refuge in the breakwater harbor annually for 13 years, and their total 
ior 37J years between 1833 and 1877. 


Statement of vessels taking refuge in Delaware Breakwater Harbor during the years slated 

below. 


lean 

4. 

£ 

at 

1 

Brigs. 

Schooners. 

Sloops. 

Pilot boats. 

Steamers. 

Total. 

Bemarks. 

1833. 

‘23 


1 

178 

1 

372 

167 

127 


866 


UK ... .. .. 

165 


732 

3,191 

765 

685 


5,538 


lftA 

107 


1,060 

5,335 

802 

794 


8,098 


1847. 

343 


937 

7,742 

358 

i 874 


11,253 


1854 

35 

247 

1,085 

5,098 

90 


114 

6,669 


1862 . 

55 

239 

879 

8,087 

253 


246 

9i 759 


1867. 

113 

*290 

825 

8,000 

307 


279 

9,814 


1873. 

119 

639 

1, 00a 

8,588 

522 

923 

629 

12, 428 


M73 . _ 

19-2 

877 

867 

13,976 

734 


844 

17, 490 

Pilot-boats classed 








with schooners. 

1874 . .. _ 

166 

605 

623 

9,797 

477 


781 

12. 449 


1875 . 

222 

804 

581 

9,527 

420 


843 

12,397 


1816 ..,. 

370 

2,762 

587 

10,382 

447 


945 

15,493 


From Jan. 1.1877, to 

377 

2,784 

: 4171 

4,684 

206 


514 

8,982 

Six months’ return. 

July 1,1*77. 



1 _ 







Trial for 37} year* 

6, 4J5 

13,778 

j 32,653 I 

2.i2, 781 ( 

17,035 

13, 68 r* 

|9,600 

325,970 
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E 13 . 

PORT WARDEN’S LINE, PHILADELPHIA, PENNSYLVANIA. 

This question remains as last reported, nothing on the subject having 
been heard from the municipal authorities of Philadelphia. 

A bill has passed both branches of the city councils providing for the 
widening of Delaware avenue by about 30 feet, for the purpose of allow¬ 
ing a railroad-track to be laid down on that aveuue. This will require 
some steps to be taken to recover the warehouse space, which will be 
encroached upon by the street when it is widened. 
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ANNUAL REPORT OF MAJOR WM. P. CRAIGHILL, CORPS 

OF ENGINEERS, FOR THE FISCAL YEAR ENDING JUNE 

30 , 1877 . 

United States Engineer Office, 

Baltimore , July 12, 1877. 

General : I have the honor to forward herewith the annual report for 
the year ending Juue 30,1877, for works of improvement of rivers and 
harbors, and of surveys, which have been in my charge. 

Efforts have been made to procure full statistics as to the commercial 
importance of each improvement, as required by instructions from the 
Chief of Engineers and in compliance with law. These efforts have not 
been .entirely successful. 

Very respectfully, your obedient servant, 

Wm. P. Craighill, 

Major of Engineers , Brevet Lieut . CoL, U. 8 . A . 

Brig. Gen. A. A. Aumphreys, 

Chief of Engineers U. 8. A . 


F i. 

IMPROVEMENT OF CHESTER RIVER AT KENT ISLAND NARROWS, MARY¬ 
LAND. 

The object of this improvement consists in dredging a channel 100 
feet in width and 7' feet in depth, at ordinary low-water, from Chester 
River to Easton Bay, including the cutting of a passage through the 
causeway across the narrows. 

As stated in previous annual reports, the work was delayed until the 
spring of 1875, while waiting for certain State legislation, without which 
it was not deemed expedient for the General Government to proceed. 

The first appropriation for this work ($15,000) was made in March, 
1873, and an additional appropriation of $5,000 was made in June. 1874. 

On June 30, 1876, these appropriations had been nearly exhausted. 
On the Easton Bay side of the causeway, the channel had beqn com¬ 
pleted ; the width, however, having been reduced to 80 feet. 

On the Chester River side the channel had been dredged to 80 feet in 
width over the entire distance, and an additional cut was being made, 
making the total width 100 feet as at first proposed. The passage 
through the causeway had also been cut to the full width allowed by the 
draw, 00 feet, and to a depth of fully 7£ feet. 

Dredging was continued on the Chester River side of the causeway 
until July 7, 1870, when the work was closed, the appropriation having 
been exhausted. At this date the tilth cut had been carried about f 
of the way from Chester River to the narrows, giving the full width of 
100 feet over this portion of the channel. 
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Total amount of material removed since the commencement of opera* 
tions in May, 1875, 99,747 cubic yards. 

On the completion of operations a survey of the entire channel was 
made, occupying from the 10th to the 20th of July, and the soundings were 
afterwards carefully plotted. The soundings indicated a depth of fully 
7 feet at ordinary low-water, through the entire length of the channel. 
Its width bad also been well maintained. At the passage through the 
causeway, under the draw which had been built by the county author¬ 
ities, a remarkable cutting was ascertained to have taken place, a depth 
of nearly 20 feet being found. The current through the passage was 
also very strong, after the epoch of high-water on the Easton Bay side, 
indicating the necessity of giving a greater vent to the water. 

An appropriation of $5,000 was made for the work, by the act ap¬ 
proved August 14, 1870; but of this amount only $1,000 became availa¬ 
ble for expenditure, notification of which was received September 15. 

It was proposed with this amount to give at once au additional vent 
through the causeway, by cutting out from under the counterpoise of 
the draw, and to give further relief to navigation, by driving piles, 
forming wings on either side of the passage-way through the draw; but 
the severe storm of September 17-18, so completely broke up the entire 
causeway, that no expenditure ou the part of the United States seemed 
to be justified, until such time as the authorities of the couuties inter¬ 
ested should have repaired the causeway and bridge. 

On the 31st of March, the remaining $4,000 of the appropriation of 
August last was made available, but the condition of the causeway was 
still such that no expenditure on the part of the General Government 
could be recommended. Repairs upon the same by the county authori¬ 
ties were in progress, however. 

In April last, an examination of the entire channel was made, occupy¬ 
ing from the 18th to the 21st of the month, inclusive. It was found 
that the channel had maintained itself well, both as to width and depth. 
Some changes appeared to be taking place on the Easton Bay side, near 
the causeway, where it had been cut through, and in May a special ex¬ 
amination was made at this point. It appeared to be quite evident that 
the water passing through the causeway was endeavoring to cat a new 
and more direct channel across the flat immediately below (Easton Bay 
side) the causeway, a new and deep pocket being found, extending in 
that direction from the passage. At an examination of the causeway 
and draw, in the early part of June, it was fouud that both had been 
put in better condition by the county authorities than heretofore, suffi¬ 
ciently good to seem to justify the Geueral Government in going on 
with the improvement; aud on June 4, a proposition was made to the 
Chief of Engineers to proceed with the work, and was by him approved. 

The plan contemplated the expenditure of about $1,000 in cutting 
through the causeway under the counterprise of the draw, in riprap- 
ping at the central pier and the counterpoise abutment, in driving piles 
to form wings at the passage through the draw, and in marking the 
sides of the channel with piles to serve the purpose of buoys, and to 
devote the balance of about $4,000 to cutting off several sharp turns in 
the channel, particularly in the immediate vicinity of the bridge on the 
Easton Bay side, all the materials to be purchased, as well as the ma¬ 
chinery to be hired, in open market. 

On June 11 operations under the above plan were commenced. Dar¬ 
ing the month 18 guide-piles were driven on the port-side of the chan¬ 
nel, marking thoroughly its entire length from Easton Bay to Chester 
River. These piles were stripped of bark and painted black. 


Forty-two piles were driven at the passage through the causeway, 
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forming 4 wings, each 60 feet in length, and located, respectively, at 
each corner of the passage. These piles were planked up for a distance 
of 5 feet above high-water mark with 3-inch plank to protect the guards 
of passing steamers. 

The causeway was cut out by hand to below low-water mark, and 
abont 100 cubic perch of stone were used as riprapping at the central 
pier and at the counterpoise abutment. At the close of the above work, 
oq June 28, a dredge and two scows were chartered by the day for the 
purpose of dredging at the sharp turns spoken of above. 

The entire balance of funds on hand can and probably will be profit¬ 
ably expended in continuing this dredging. 

The original estimate for this improvement was 823,000. 

Twenty-five thousand dollars were appropriated in all up to June 30, 
1877, but owing to long and unavoidable delays, and consequent increase 
of expenses, this sum has not quite completed the work estimated for. 
Occasional repairs will be required to keep this channel open when com¬ 
pleted. Their cost will probably average 83,000 per year. This amount 
can be profitably expended in the fiscal year ending June 30, 1879. 

Capt. C. B. Phillips, Corps of Engineers, has had the immediate su¬ 
pervision of this improvement. 

This work is in the collection-district of Baltimore. 


Money statement . 

July 1,1876, amount available. $5,374 15 

Amount appropriated by act approved August 14,1876 . 5,000 00 


10,374 15 

July 1,1877, amount expended during fiscal year. 6,340 92 


July 1,1877, amount available. 4,033 23 


Amount (estimated) required for completion of existing project. 3,000 00 

Amount that can be protitably*expeuded in fiscal year ending June 30,1879. 3,000 00 


Fa. 

IMPROVEMENT OF THE ENTRANCE TO THE HARBOR OF BALTIMORE, 

MARYLAND. 

The object of this work has been to secure by dredging such a chan¬ 
nel as will enable vessels drawing 22£ or 23 feet to come to the city of 
Baltimore at any ordinary stage of the tide. 

This object has been accomplished as regards depth, but additional 
width is needed. 

When the work was practically complete, in 1874, it was estimated 
that an annual outlay of $50,000 would be required to maintain the 
channel in the condition in which it then was. 

Since that date the appropriations for the work have exceeded the 
above estimate by bat a small amount; but all the fnnds that coaid be 
spared for the purpose have been devoted to securing an additional 
width to the channels. 

Thus, in the years ending June 30, 1875 and 1876, the Oraighill chan¬ 
nel was widened to 330 feet at those portions where it had a less width; 
theBrewerton Channel was widened by an additional cut 40 feet in width, 
making a total width of about 300 feet throughout; and the turning- 
place, at the junction of the Brewerton and Fort McHenry Channels, 
was enlarged. These increased widths have afforded some considerable 
relief to shipping, but more is needed. 

The large steamers that ply to and from the port, and which have in¬ 
creased very rapidly of late, both in number and size, are very apt to 
18 E 
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ran against the sides of the channel, catting off large slices of the task, 
thus endangering the vessels and at the same time seriously injuring the 
channel. 

During the past fiscal year operations have been confined to dredging 
at the upper end of the Fort McHenry Channel and the lower end of the 
Brewerton Channel. The object of dredging at the former point was to 
widen the entrance to the inner harbor of Baltimore to facilitate the pas¬ 
sage in and out of large vessels. 

At the latter point the object was to restore the original depth of the 
channel from the lower end to a point opposite to and a little above North 
Point. This portion of the channel necessarily projects into and across 
the current of the Susquehanna River, and has bean referred to in pre¬ 
vious annual reports as probably in need of more or less dredging each 
year in order that its depth may be maintained. 

On Jane 30,1376, the work remained suspended, and the Government 
tog Leslie was in charge of a watchman, the appropriation having been 
exhausted early in June. 

By act of Congress approved August 14, 1376, an appropriation of 
$75,000 was made for the work; but uo instructions as to its availability 
for expenditure were received until September 14, when an allotment of 
$40,000 was made. 

The tug Leslie was at once pat in commission, and examinations of 
portions of the channel commenced, to determine the points moat in need 
of attention. 

The examinations and the resulting maps having been completed, pro¬ 
posals for dredging were invited, and were opened November 1. 

A contract was entered into with Messrs. Cnrtis, Fobes & Co., of Port¬ 
land, Me., (the lowest bidders,) for the removal of 210,000 cubic yards of 
material, at the rate of 9g cents per yard. The contract required the 
work to be commenced December 1,1876, and to be completed Jnne 36, 
1877. In December, while the contractors’ Machinery was on the way 
to Baltimore from the North, it was strnck by a severe gale, and seri¬ 
ously crippled near Sandy Hook, N. Y. 

The harbor of Baltimore, meanwhile, became closed with ice, and re¬ 
mained so until late in February, so that dredging would have been im¬ 
possible had the apparatus been at hand. 

Dredging at the upper end of the Fort McHenry Channel was finally 
commenced on the 7th of March, and was completed on the 2d of May. 

The area dredged over consisted of two wedge-shaped pieties, one lying 
on the Lazaretto side, the other on the Fort McHenry side of the chan¬ 
nel. This gives a much easier entrance to the inner harbor, the widen¬ 
ing commencing at a point about 1,200 feet below the Lazaretto light, 
and attaining a width of 750 feet opposite said point. All this area was 
dredged to a depth of 25 feet at ordinary low-water; 04,000 cubic yards 
of material were removed from this locality. On the completion of this 
work dredging was commenced at the fewer end of the Brewerton Chan¬ 
nel. At the close of operations in June, 1876, an interior cut, 45 feet 
from the north side of the channel, had been carried up to nearly oppo¬ 
site North Point, and there left incomplete for want of fends. 

Daring May and Jane, 1877, this cut was completed, and 3 additional 
interior cuts have also been made, completing the total of 249,000 yards 
called for in the contract. 


All this dredging has been to 25 feet at ordinary low-water, sod it 
leaves this portion of the channel, to the extent of five-sevenths of its 
width, in better condition than ever before. 

The balance ($35,000) of the appropriation of August 14,1876, haring 


been rendered available in April last, a project of expenditure was sab- 

Digitized by Google 




APPENDIX F. 


275 


mitted to the Chief of Engineers, which being approved, proposals were 
invited for dredging 300,000 cubic yards of material, in addition to the 
amount contracted for nnder the previous allotment. These proposals 
were opened on Jane 1, and a contract entered into with Mr. A. P. 
Brown, of Washington, X). O., (the lowest bidder,) for the execution of 
the work at the rate of 9| cents per cubic yard. The contract requires 
the work to be commenced July 1, 1877, and to be completed ou June 
30,1878. 

An examination of the lower end of the Brewerton Channel was made 
in May last, and the results plotted. 

It disclosed the necessity of continuing the re-dredging over the re¬ 
maining width of the Brewerton Channel, as far as opposite North 
Point; and also the necessity of enlarging the turning-place at its 
junction with the Craighill Channel. 

It is proposed to complete the dredging at these two localities, and 
afterward to devote the balance available to dredging an entirely new 
cut through the Brewerton Channel, thus giving au additional width of 
40 feet. 

Quite extensive repairs to the tug Leslie will be required during the 
coming fiscal year, including the putting in of a new boiler, her present 
one being fifteen years old, and in very bad condition. 

No appropriation was made for the coming fiscal year ending June 30, 
1878. One hundred and thirty-five thousand dollars were asked for that 
year, which would have filled the estimated cost of the existing project, 
and provided for the annual reparations. To this sum add $50,000 for 
reparations, and we have as the amount that can be profitably expended 
in the fiscal year ending June 30,1879, $185,000. 

The immediate supervision of this work has been in the hands of 
Capt. C. B. Phillips, Corps of Engineers. 

Money statement 

July 1,1876, amonnt available. 8794 68 

Amount appropriated by act approved August 14,1876.. 75,000 00 

1 ■ — $75,794 68 

July 1,1877, amount expended during fiscal year. 20,965 72 

July 1,1877, outstanding liabilities...^,.... . ... 9,497 05 

-- 29,762 77 

July 1,1877,amount available....... 46,031 91 

Amount (estimated) required for completion of existing project... 185,000 00 

Amonnt that can be profitably expended in fiscal year ending June 30,1879. 185,000 00 


Palapsoo Miner. Proposals for dredging . Bids opened at 12.5 p. m. JTosmber 1,1876. 
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Patapsco River . Bids for dredging opened at 12.5 p, m., June 1,1877. 


1 

Name. 

Residence. 

1 

Time. 

it 

>* 

Remarks. 

i 

fc 

Commence— | Complete— 

Price 

cubic 

1 

American Dredging 
Company. 

Geo.C.Fobes Sc Co... 

Philadelphia. 

June 15,1877 ^ June 30,1878 

Cents. 

13* 


2 

Baltimore. 

July 1,1877 Jnly 1,1878 

13 


3 

Morris Sc Cumings 

; New York City... 

July 1,1877 June 30,1878 

15 


4 

Dredging Company. 
A. P. Brown.. 

Washington, D. C. 

1 

June 30,1877 ■ Jane 30,1878 

n 

Contract awarded. 

5 | 

G. H. Ferris. 

Baltimore._ 

June 15,1877 July 30.1878 
July 1, 1877 Juue 30,1878 
. June 30,1878 

m 

131 

n 


6 ' 

M. F. Brainard_ 

Albany .. 


7 1 Wra. H. Molthrop- 

New London.Conn. 


S I 

E. R. Seward.| 

Albany, N.Y. 

June 15,1877 June 30,1878 

15 



COMMERCIAL STATISTICS. 

Custom-House, Collector’s Office, 

Baltimore , Md. f September 10, 1877. 

Sir: In compliance with yours of the 4th instant, requesting a report relative to the 
commerce of Baltimore for the fiscal year just closed, the following exhibit is respect¬ 
fully submitted : 

In justice to my predecessor, I deem it proper to state that I took possession of this 
office on the 5th of July, so that it was impossible for him to fnrnish yon with all of the 
information you asked for up to the end of the fiscal year. 

Statements covering the last two years are generally given as affording a better view 
of the scope of the commerce of Baltimore, and as furnishing a better test of its capa¬ 
bilities for development and expansion. 

DUTIES COLLECTED ON IMPORTED MERCHANDISE. 


Fiscal year ending June 30,1876, (coin).$4,301,476 37 

Fiscal year eufiiug June 30, 1877, (coin). 3,522,215 81 

RECEIPrS FOR TONNAGE, STEAMBOAT INSPECTIONS, LICENSES TO PILOTS AND ENGI¬ 
NEERS, CUSTOMS-FEES, ETC. 

Fiscal year ending June 30, 1876, (currency).$158,541 87 

Fiscal year ending June 30, 1877, (currency). 183,868 70 


The above showing of duties is not to be taken as a fair indication either as to theextent 
of the commerce of Baltimore, in dutiable commodities, or as to the measure of its re- j 
sources and facilities as a commercial city. This view will become apparent in the 
progress of this statement, and is already sustained in the fact of increase in the cur¬ 
rency receipts, which is an evidence of improvement in the foreign trade. 

Passing over the fact of the unusual depression of trade, and also the fact that home 
industries are supplanting foreign ones with the products, which everywhere alike 
have diminished importations, there have been, however, causes of a kindred nature, 
exceptional in the case of this port, because of their effects upon its commerce, which 
should be mentioned in this connection. 

This statement will show that among the chief articles of dutiable imports at Balti- I 
more was that of sugar. That trade in its various branches is very extensive, and 
necessarily identifies itself with many other interests. Daring the last five years the 
two several failures occurred here of leading houses which gave that interest a serious 
shock and set-back. The more recent failure visibly affected the sugar trade, sod | 
in a very palpable sense lessened, for a time, the importation of that article. 

That failure carried down an establishment that had well-nigh amounted to a mo¬ 
nopoly of that trade, especially in the sugar-refinery branch, having under its control 
four at least of the principal refineries in the city of very large capacity. Its failure, 
consequently, amounted almost to a paralysis in effect upon the sugar trade, and im¬ 
pinged many kindred interests. 

The decline in duties during a portion of the last year, as presented in the above 
exhibit, is almost wholly due to that disaster. 

As an evidence, however, that it caused no impairment of the native vigor of the 
commerce of the port, or its ability to r# 1 ^operate after disaster, a contrast is drawn be¬ 
tween the revenue receipts for the last three months of the closing fiscal year and those 
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of the same months of the one preceding, in which it will be seen that the increase has 
been v-ry manifest, indicating a marked revival in the foreign trade of this port iu 
dutiable commodities. 

April. 1876. 1207,960 15 April, 1877.$461,370 17 

May. 1876. 197,169 64 May, 1877 . 446,083 41 

June, 1876. 242,324 22 June, 1877 . 404,039 00 


647,454 01 


1,311,498 58 
647,454 01 


Increase over last fiscal year for that period. 654,044 57 

♦ 

As a farther reason that the duties above given do not show the extent of the foreign 
trade here in importation, it may be stated that merchants in many instances import 
goods through other cities. That portion of the trade so diverted through other chan- 
nek will, iu time, as facilities improve, stay at home, and go direct from this port. 

Again, this port is the gateway or entrepot of the great We6t and other sections of 
the country. Importations of goods are made through Baltimore for other places by 
transportation in bond without appraisement, without breaking bulk, “ transportation 
with appraisement,” besides withdrawals from bond, which merchandise goes to other 
ports of entry and jdeli very, at which places the duties are paid. 

The value of goods transported in bond, without appraisement, and the duties col¬ 
lected thereon, are as follows: 

Fiscal year 1877: Value, $219,077; duties, $71,417.34. 

Transported in bond with appraisement for fiscal year closing June 30, 1877: Value, 
$504,182; duties, $193,550.52. 

The destinations of goods so imported are mainly for the West, as already stated, 
but in some instances they go to Boston and Philadelphia, and occasionally New York. 

The character of goods so imported compose the following varieties in part: hardware, 
toys, perfumery, manufactures of cotton, wool, metals, steel, glass, &c., leather, drugs, 
tin-plates, wines, liquors, champagne, ginger ale, cutlery, medicines, potash, and soda- 
ash, sugar, salt, soaps, brushes, silks and clothing, china, earthenware, woolen goods, &o. 

In addition to the importations made in the manner mentioned, large quantities of 
goods are entered for warehouse, upon which the duties are paid upon withdrawal. 
This may not take place within the year, and in some cases runs to the limit of three 
years. The value aud duties of goods so entered for the fiscal year just closing are as 
follows: 

Valae. Duty. 

Goods imported in American vessels. $2,931,900 $1,408,411 97 

Goods imported in foreign vessels. 3,010,096 1,443,376 07 


Total.. 5,941,996 2,851,788 04 

The commodities so imported consist of a similar variety to those above mentioned, 
those of chief value being sugar, molasses, melada, salt, jute bagging, hessians, wines, 
champagnes, sodas, iron, tin, lead, metal, steel, glass, glassware, carpets, toys; 
woolens, silks, linen, preserved fruits, china and earthenware, drugs, dyes, &c. 

The above showing relates wholly to dutiable merchandise imported, and of course 
does not show the extent or value of foreign importations; other commodities, upon 
which there are no duties, are largely imported into this port, especially the article of 
coffee, which comprises here a large and valuable trade, the importance of which is 
scarcely less than any city of the Union, if it is not destined to equal all others. This 
article is heavily marketed in the West. The value of foreign importations, duti¬ 
able and undutiable, for the fiscal year closing June 30, 1877, amounts to the sum of 
$22,025,641. 

The valne of imports for the preceding year amounted to the sum of $22,340,629. 

It wilj be perceived from the above comparisons that the value of importations for 
the last year is eqal within a trifle to that of the preceding year, notwithstanding 
the untoward causes referred to that have militated against the commerce of the port. 

A comparison of imported valnes between the six months of the year just closed 
and that of the preceding year, exhibits a vigorous revival of foreigu trade, and sus¬ 
tains the views expressed iu the first part of this communication. 


Value of imports from January, 1876, to June, 1876, (inclusive). $9,46^, 646 

January, 1877, to J une, 1877. 13,881,922 


Increase over six months of previous year... 4,413,276 

This exhibit affords a rate of increase amounting annually to over $6,000,000 in the 
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value of foreign imports. Among the articles imported of chief value for the year men¬ 
tioned are as follows: 

Value. 


Sugar, molasses, and melada 

Coffee. 

Tin-plates.. 

Sodas.. 

Guano.. 

Hides. 

Salt. 

Sulphur. 


$ 6 , * 365,908 
11 , 144,506 
1 , 078 , 8*6 
448,755 
196,016 
184,422 
129,835 
105,175 


Besides which, rating next in value, are cloths, cassimeres, dry goods, woolens* 
silks, dress goods, carpets, fruits, drugs, wines, champagne, &c. 

The articles of. steel rails, manufactures of steel and hardware, were heretofore 
among the importations of chief value. But during the last year no rails have been 
imported, and but limited quantities of the latter articles mentioned. This is doe. 
doubtless, in a great measure, to the completion of railroads, aud to the fact that 
home industries in the manufacture of steel and hardware are oeeupyiug the home 
market and infringing upon the foreign market. 

The other branch of foreign commerce relates to domestic exports. The growth iB 
this particular has been most marked and perspicuous. 

At the close of the fiscal year ending June 30,1871, the value of domestic foreign 
exports was $15,037,855. At close of fiscal year 1876, five years thereafter, those ex¬ 
ports amounted to $31,216,870, more than duplicated. For the fiscal year closing June. 
1877, the value of foreign exports amounts to $40,000,000, nearly double the value of 
imports. 

The commodities exported and their values, with the exception of a few articles, 
exported in limited quantities, are given in the following table: 


Acids...... 

Agricultural implements. 

Animals living, bogs, horses, mules, sheep, Ac 

Bark for tanning.... 

Blacking..... 

Bread and breadstuff*: 

Bread and biscuit... 

Indian corn. 

ludian-corn meal. 

Oats.... 

Rye....... 

Rye-flour........ 

Wheat. 

Wheat-flour..... 

Other small grains. 

Maizena, farina, &e.... .... 


$40,606 00 
12,961,689 00 
105,782 00 
11,691 00 
41,855 00 
279 00 
2,035,315 00 
2,641,421 00 
5,389 00 
14,185 00 


Broom9, brushes, Ac . ....... 

Caudles, tallow, &c...... 

Carriages, carts, &c. 

Coal........ 

Copper and manufactures of copper, ore...•... 

Copper in pigs, bars, sheets, <&c...... 

Cordage, rope, twine, Ac ........ 

Cotton and manufacture of: 


Sea island..... $232,613 00 

Other manufactured. 1,747,227 00 

Colored. 19,538 00 

Uncolored. 66,644 00 

All other manufactures of... 1,801 00 


Drugs, chemicals, medicines.. 


Fruits: 

Apples, dried.. 156,313 00 

Apples, green or ripe. 3,276 00 

Other fruit, ripe. 1,429 00 

Preserved in cans or otherwise... 30,764 00 


$5, 124 00 
2,475 On 
13,959 00 
38,068 00 
691 00 


17,858,212 00 
6,862 00 
22,396 00 
4,360 00 
76,479 06 
3,700 60 
17,262 00 
7,874 00 


2,067,823 00 
33,167 00 
16,489 00 


191,782 00 
16,300 00 
17,211 00 
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Gold and silver and manufacture of: 

Silver coin. 

Jewelry. 


I Hsir, manufactured.. 

i %.-. 

[ Hemp and manufactures of.... 

! Hides.. 

Hoops. 

Iron sod steel manufactures: 

Cutlery, machinery, boilers, edge-tools, files, saws, Ac. 

factores, guns, Ac. 

Loops. 

Lead manufactures...... 

Leather manufactures: 

Boots and sboee.... ..., M 

Morocco, saddlery, Ae..... 


f65,000 00 
129 00 


steel mafia- 


6 , 120 00 
205,478 00 


Marble and maanfaeture of 

Matebes.......................... 

Pianos and musical instruments ___ —. 

Bosin, torpentiae, tar, and pitch....__.._—.*.. 

OiLeake .... ............ 

(His: 

Mineral, erode ...........¥ ..a... ............ 

Mineral, refined or manufactured, naphtha, (benzine, 

gasoline).........«..... 

Ill am mating... ... 

Lubricating. 

Residuum, tar, pitch, Ac... 

Animal oils: 

Lard oil neat’s-foot oil, sperm, Ac. 

Vegetable oils: 

Cotton-seed........ 

Linseed.*..... 

Volatile.....-. 


- * # / r* s « 


171,200 00 

64,234 00 
7,472,446 00 
41,421 00 
6,122 00 

11,342 00 

37,197 00 
561 00 
364 00 


Paints, odors, parnttogs, and engravings 

Paper and stationery. 

Provisions: 

Bacon and hams.. 

Beef. 

Batter.... 

Cheese. 

Condensed milk.... 

fish, dried or smoked. 

Fish, pickled. 

Fish,cared ..... 

Lard. 

Meats, preserved... 

Oysters, pickles, and sauces......... 

Pork. 

Onions. 

Potatoes. 

Vegetables and vegetables preserved 


699,493 00 
162,310 00 
18,773 00 
11,306 00 
1,325 00 
1,395 00 
4,745 00 
31,521 00 
1,355,090 00 
22,641 00 
27,467 00 
371,276 00 
514 00 
7,884 00 
12,970 00 


Quicksilver ....... 

Bice..... 

Seales. 

Seeds—cotton, flax-seed, clover, timothy, Ac 

Sewing-machines. 

Soap, perfumed toilet, Ac.. 

Distilled spirits. 

8pirits turpentine. 

Starch. 

Sagar and molasses: 


Refined. 43,660 00 

Candy and confectionery. 1,163 00 


Tallow 


$65,129 00 
92,860 00 
2,424 00 
2,395 00 
7,016 00 
73,441 00 


28,882 00 
3,771 00 
1,174 00 


211,598 00 
541 00 
1,458 00 
883 00 
14,035 00 
146,077 00 


7,804,867 00 
1,279 00 
15,585 00 . 


2,728,710 00 
2,000 00 
31,424 00 
547 00 
397,423 00 
1,087 00 
12,979 00 
2,426 00 
538 00 
64,280 00 


44,823 00 
133,972 00 
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Tin find manufactures of. $18,920 00 

Leaf and manufactured tobacco. 6,446,569 00 

Trunks, valises, umbrellas, parasols, &c.'-!. 3,865 00 

Vessels sold to foreigners. 9,500 00 

Vinegar. 107 00 

Wax. 2,236 00 

Wearing apparel. 2,472 00 

Wood and manufactures of wood: 

Boards, clapboards, planks, joints, &c. 69,559 00 

Shingles. 9,844 00 

Shooks, staves, hogsheads, barrels, &c. 210,831 00 

Poles, masts, spars, &o. 148,336 00 

Household furniture. 9,407 00 

Articles of wood manufactured and unmanufactured. 27,546 00 . 

Articles not enumerated, manufactured and unmanufactured. 49,012 00 


The extent aud value of the coastwise trade in domestic traffio may only be con¬ 
jectured, as the much larger portion of it forms no part of the records of this office; 
but in view of the extensive inland water-communication of this port, aud its intimate 
business relations with ports on the Atlantic seaboard and elsewhere, that branch of 
domestic trade in quantity and value is very considerable. 

It may be remarked in this connection that exportation of articles of domestic 
industries are made in some instances through other ports, and therefore do not 
appear in the statistics of this office. There are a number of extensive cotton and 
other mills within the environs of Baltimore. The manufacture of cottou duck has 
become an extensive and valuable interest. Manufacturers say that three-fourths of 
it is turned out at these mills around Baltimore, much of which is exported as men¬ 
tioned. In time these exportations and others will go direct from this port. The next 
feature of this statement will relate to navigation, vessels, tonnage, &c. 


COASTWISE ARRIVALS, STEAMERS, PROPELLERS, SCHOONERS, BARKS, SHIPS, BRIGS, ETC- 


For the fiscal year 1876: Number of vessels, 1,626; tonnage in amount, 1,238,942. 

For the fiscal year 1877 : Number of vessels, 1,732; tonnage in amount, 1,213,156. 

The harbor was closed by ice during the winter months, which effectually stopped 
navigation, especially that of a local character, which fact is very apparent in the 
records of arrivals during those months, and also of clearances; au increase, however, 
of over one hundred appears in arrivals, and an excess of about twenty in clearances. 

COASTWISE CLEARANCES. 


Fiscal year 1876 : Vessels, 1,993; tonnage, 1,342,157. 

Fiscal year 1877 : Vessels, 2,014; tonnage, 1,249,833. 

American vessels arriviog from foreign ports : 

Fiscal year 1876: Vessels, 306; tonnage, 100,450. 

Fiscal year 1877 : Vessels, 352; tonnage, 122,590. 

Foreign vessels arriving from foreign ports: 

Fiscal year 1876: Vessels, 793; tonnage, 572,206. 

Fiscal year 1877 : Vessels, 1,144; tonnage, 796,541. 

American vessels cleared for foreign countries: 

Fiscal year 1876: Vessels, 294 ; tonnage, 86,788. 

Fiscal year 1877 : Vessels, 254; tonnage, 87,993. 

Foreign vessels cleared for foreign countries: 

Fiscal year 1876: Vessels, 817; tonnage, 587,282. 

Fiscal year 1877 : Vessels, 1,046; tounage, 752,512. 

Total number of vessels and tonnage arriving from foreign countries for the fiscal 
year 1876 : Vessels, 1,496; tonnage, 921,131. 

Total number of same clearing, &c.: Vessels, 1,300 ; tonnage, 839,505. 

Total amount of tonnage entering and departing the harbor of this port for the fiscal 
year, as per record: 


Tons. 

Fiscal year 1876. 1,688,683 

Fiscal year 1877 . 3,011,469 


Increase. 1,322,596 

This exhibit shows a marked improvement in arrivals and clearances. Independ¬ 
ently of the above, many vessels enter and leave the port which, under the navigation 
laws, are not required to report at the custom-house. The tonnage of this class of 
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reisels, if it coaid be known, would doubtless exceed the amoant arnished by the 
records of this office. 

The registered oatstanding tonnage of this district— 


FISCAL TSAR 1876, 

No. Tonnage. 

Permanent registered sail-vessels. 69 22,878.56 

Permanent enrolled sail-vessels. 518 24,017.15 

Permanent licensed sail-vessels. 177 2,202.56 


49,098.27 

Permanent enrolled steam-vessels, wood. 75 25,594.73 

Permanent enrolled steam-vessels, iron. 20 9,313.67 

Permanent licensed steam-vessels, wood. 14 173.97 

Temporary registered sail-vessels. 30 11,005.95 

Temporary enrolled sail-vessels. 29 6,388.16 

Temporary registered steam-vessels. 3 351.41 

Temporary enrolled«team-vessels. 1 368.95 


Total. 936 102,295.11 

FISCAL TEAR 1877. 

No. Tonnage. 

Permanent registered sail-vessels. 65 21,661.82 

Permanent enrolled sail-vessels. 553 25,306.30 

Permanent licensed sail-vessels. 190 2,422.26 

Permanent enrolled steam-vessels, wood. 79 25,098.57 

Permanent enrolled steam-vessels, iron. 22 10,084.15 

Permanent licensed steam-vessels, wood. 13 165.80 

Permanent enrolled barge, wood. 1 31.49 

Temporary registered sail-vessels. 19 8,672.12 

Temporary enrolled sail-vessels. 51 13,332.73 

Temporary registered steam-vessels..' 1 122.47 

Temporary enrolled steam-vessels. 1 163.79 


Total. 995 107,061.50 


INCREASE OVER LAST YEAR. 

Heretofore the canal-boat tonnage comprised part of the registered tonnage of the 
district, and amounted to 555 boats, and the following tonnage, 32,888.47. This class 
of vessels is not now required to be enrolled and licensed, as formerly. This exemption 
caused, of coarse, some shrinkage in the aggregate tonnage of the port. It will appear, 
by comparison of the last ten years, that there has been an increase in the tonnage evi¬ 
dently of a qlass of vessels that shows growing strength and expansion in the commer¬ 
cial marine of the port. 


Tonnage receipts, fiscal year 1876 .$71,350 54 

Tonnage receipts, fiscal year 1877 ... 98,015 70 

Increase. 26,665 16 


The above increase is attributable to the marked additional foreign arrivals. 

Before mentioning the several foreign lines of steamers, together with the sea-coast 
and inland lines, it will be in place at this point to refer to the arrival of passengers at 
this port. 

For the year ending March 31, 1877, the following passengers arrived: 

Males. Females. Total. 

Immigrants. 2,586 2,154 4,740 

Pftseenget8 not immigrants. 504 273 777 


3,090 2,427 5,517 


Cabin-passengers 


421 207 628 


At this port there are foar foreign lines of steamships, besides which there are inci¬ 
dental arrivals from other lines which may become regalar ones. 

The North German Lloyd line comprises several maguificent iron mail-steamships of 
an average tonnage each of 3,000 tons, and was established as a line at this port in 1868. 
This line rnns between Baltimore, Southampton, and Bremen, communicating with 
Havre, London, and Paris. The Allan line comprises a similar class of iron mail-steam- 
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ships, averaging over 3,000 tons burden, and this line runs between Baltimore and 
Liverpool, via Halifax and intermediate places; was established in 1870. The piers of 
those lines are the terminus of the Baltimore and Ohio Railroad, at which place freight 
is landed and received either from or directly to the West,.according to destination. 

There are two Spanish lines combined in one, comprising 15 first-class iron steam¬ 
ships, averaging 2,800 tons burden, established in 1874, running between Baltimore 
and Liverpool, via Havana, and the British Beaver line, of three first-class steamship 
and several first-class iron clipper-ships, with an 'average tonuage of 3,000 tons, estab- 
1 ished in 1875. Those two last-named lines maintain an average arrival of one steamer 
per week. 

The vessels last mentioned require a depth of water averaging 21 feet. 

The sea-going coastwise line of steamers are the Boston line, comprising eight or ten 
splendid steamers, of an average capacity of 2,000 tons, the Savannah, Charleston, 
Wilmington, New Berne, Norfolk, York River, James River, Rappahannock, Potomac to 
Washington, Alexandria, and Georgetown, and a line to Philadelphia and New York, 
by way of canal, besides the many local lines touching at plaoes on the Chesapeake 
Bay and its tributaries within the State and adjacent thereto. 

The above exhibit expresses of itself snfficiently olearly the commercial value of the 
harbor of Baltimore, both locally and nationally, without any comment. 

It certainly affords an evidence of a substantial and enduring commercial basis, both 
intrinsic and acquired, that mast enlarge and expand in the near future to limits of 
greater value. The locality of this port, its advantageous surroundings, and its short 
lines of inland communications with the West and Mississippi Valley, indicate its im¬ 
mediate and also its growing importance. 

Two of the great leading railroads of the country find a terminus in Baltimore upon 
valuable water-fronts, both of which are competing carriers for the treasures of the 
West, naturally flowing to Baltimore; indeed, new enterprises are^iow in contem¬ 
plation, among which may be mentioned that of the exportation of fresh meat, and 
that of increased facilities for the transportation of mineral oils to this port. 

And while its local interests are necessarily chief considerations to its citizens, 
nevertheless its relations identify it intimately with sea-ports of the Atlantic coast 
north and south, and also with the vast producing area9 of the interior, and render its 
importance in a national sense alike of interest to the whole country. 

The improvement and efficient maintenance of its harbor, nationally considered, are 
of permanent importance. 

By a short cat across the eastern peninsula of the State, the Chesapeake and Dela¬ 
ware Bays can be united. This is a practical project, and although the Government 
may not deem itself justified in undertaking the outlay for a ship-canal to unite the 
two bays, yet the project is so tempting and feasible that local capital, with that of 
adjoining States, will be induced at no distant day to undertake and complete the enter¬ 
prise. Then the Government wonld have an inland water communication from Phil¬ 
adelphia to the Carolines, which in the event of hostilities would be of vast advantage, 
and in no less a sense wonld it confer a valuable benefit upon the commercial marine 
of the Atlantic and southern coasts. 

I am, very respectfully, yonr obedient servant, 

Johx L. Thoshs, Jr., 
Collector . 

Maj. W. P. Craighill, 

Corps of Engineers , U. S. A . 


F 3. 

IMPROVEMENT OF THE WICOMICO RIVER, NEAR SALISBURY, MARYLAND. 

The original plan of improvement for this locality was to secure, by 
dredging, a channel 75 feet in width and 7 feet in depth at ordinary low- 
water from the bridge at Salisbury to the deep water of the bay below, 
a distance of about 7,000 feet, the removed material to be deposited 
behind longitudinal dikes. 

Owing to insufficient means, and the failure of the property-owners 
to fully carry out their promises in regard to assisting iu the construc¬ 
tion of the diking, it was found to be impossible to execute the above 
project, and the plan was so modified as to contemplate the dredging of 
a channel only 50 feet in width and 5 feet in depth at ordinary low- 
water, the greater portion of the expense of diking falliug upon the 
Government. 
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As stated in the last annual report, work was discontinued on Jana¬ 
ary 7,1876, the appropriation having been exhausted. At this date the 
channel, as per modified plan, was completed, except for a distance of 
about 306 feet, which was made only; 28 feet in width, on account of 
lack of funds. 

Work has remained suspended daring the whole of the past fiscal 
year. 

By act of Congress approved August 14, 1876, an appropriation of 
45,000 was made for this work; but in pursuance of instructions from 
tbe War Department it remained unavailable for expenditure until 
March 31, 1877. 

The appropriation having become available on this date, a re-exami¬ 
nation of the entire channel and dikes was made as soon as possible, 
with a view to submitting a project for its expenditure. This re-exami- 
nttkm was made during the early part of May, occupying from the 3d to 
the 11th of the month. The soundings were* immediately plotted. It 
was found that the channel had stood quite well, both as to width and 
depth, from the bay np to the wharves near the town, a depth of fully 
5 feet at ordinary low-water being found over the entire distance. 
Along the wharves, and at the turning-basin near the iron bridge, it 
had filled in very badly, a depth of only 2 feet at ordinary low-water 
being found at some places. This filling appears to be due in a great 
measure to the inflow of sawdust from the mills above. The dikes were 
found to have remained in very good condition. 

On the 14th of May last a proposition to proceed with the work was 
submitted to the Chief of Engineers, and was by him approved. Arrange¬ 
ments have been made for recommencing work, which will consist sim¬ 
ply in dredgiug. It is estimated that the amount of funds now available 
will be sufficient to widen the channel to 70 feet through its entire length, 
retaining the present depth of 5 feet at ordinary low-water, and to re¬ 
dredge the turning-basin and in front of the wharves It may not be 
deemed expedient to redredge at these latter localities, unless assurances 
are received from the proprietors of the saw-mills that no more sawdust 
will be allowed to flow into tbe stream. 

It is expeeted that these dredging operations will be commenced early 
in Jaty, the contractor for the work being noengaged in fitting up his 
machinery. 

It is estimated that from three to four months will be required to exe¬ 
cute tbe work contemplated. 

The appropriations have been June 10,1872March 3,1873 ; June 23, 
1874; March 3, 1875, and August 14,1876. Total, $25,000. 

j$To appropriation was made for the fiseal year ending June 30,1878. 

Should the original plan be carried out, an appropriation of $15,000 
will stifl be required. The work has been under the immediate super¬ 
vision of Capt. C. B. Phillips, Corps of Engineers. 

This hnpvevement is in the eoHection-distriot of Baltimore. 


Money statement . 

July 1,1876, amount available......... 871 04 

Amoaut appropriated by aot approved August 14, 1876.. 5,000 00 


5,071 04 

Jnly l, 1877, amount expended during fiscal year. 370 34 

Joly 1, 1977, amount available. 4,700 70 

Amount (estimated) required for completiou of existing project. 15,000 00 

Amount that can be profitably expended iu fiscal year ending June 30,1879 . 7,500 00 
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COMMERCIAL STATISTICS. 

Salisbury, Md., June 12,1877. 

Sir : Referring to your request, I have the honor to submit the following statement 
of the business of Salisbury for the past year, carried on principally by Teasels navi¬ 
gating Wicomico River. 

Within the town are three water and four steam saw-mills, one water and two steam 
planing-mills, two large grist-mills, one kindling-wood factory, one carriage-factory, 
one hub-mill, one carding-mill. 

Shipmeots for the year have been 9,900,000 feet of rough lumber, 2,200,000 feet of 
dressed flooring, 820,000 peach-crates, 250,000 oil-can cases, 75,000 canned-fruit cases, 
5,000 strawberry-crates, 7,200 cords cord-wood, 3,000 railroad ties, 301,000 quarts straw¬ 
berries, 11,000 watermelons, 4,000 barrels track and vegetables, 58,000 quarts wild ber¬ 
ries, (25,000 crates peaches will be shipped this season,) 41 carriages, 10,000 hnbe, 
13,000 pounds corded wood, 57,000 bushels grain, 13,000 bushels corn-meal, 1,520 bar¬ 
rels flour, and 11,300 pounds flour in quantities less than one barrel. 

Sales other than shipments enumerated have been §616,000 of general merchandise, 
1,409 tons coal, 140 tons fertilizers, 57,000 bushels oyster-shells, 28,000 bushels oysters. 

There are 38 stores in the town. Fifteen schooners of 913 tons, (registered tonnage,) 
aud 54 smaller boats, trade from our wharves. Very low prices of produce have de¬ 
creased our annual prodpction and sales. 

Very respectfully, 

Geo. W. Parsons. 

Col. W. P. Craighill, 

Major Corps of Engineers , U. S. A. 


f 4 . 

IMPROVEMENT OF THE JAMES RIVER, VIRGINIA. 

For want of funds, work on this improvement was suspended on the 
part of the United States in March, 1876, and not resumed until the 
middle of September, 1876, when a portion ($40,000) of the appropria¬ 
tion of August 14, 1876, ($60,000,) became available. Work was not 
resumed by the city of Richmond until March 1, 1877. Mr. H. D. Whit¬ 
comb has continued to be the resident engiueer for the United States at 
Richmond, while at the same time engineer for the city in the joint op¬ 
erations for this improvement. Of the machinery used, that portion 
for blasting and removing rock belongs to the United States; the re¬ 
maining machinery, which has been employed during the year, belongs 
to the city of Richmond. It has been rented to the United States for 
actual cost of repairs while in its service. The operations have been 
chiefly confined to the channel from the Brewery to Almond Creek, and 
the channel through Goode’s Rocks, of which the former has received a 
width of 100 feet and a depth of 15 feet at mean low-water, and the lat¬ 
ter au equal width with a depth of 13 feet, much the larger portion be¬ 
ing 15 feet. Wing-dams have been also used to a limited extent at the 
bars near the city, for the purpose of contracting the width of the river 
to about 600 feet. The results thus far are satisfactory, showing an 
increased depth. Mr. Whitcomb estimates that it requires now the re¬ 
moval of but 28,000 cubic yards of sand aud gravel to give a channel 
100 feet wide and 12J feet deep at mean low-water from Rocketts Reef 
to Hampton Roads, which is equivalent to 16 feet at high-water. 

The operations of the year have very manifestly ameliorated the navi¬ 
gation of the river; vessels in greater numbers and heavier draught 
now coming to the wharves of Richmond, especially those of the Chesa¬ 
peake and Ohio Railroad. But a greater width and depth of channel 
are requisite, viz, of 15 feet at low-water, with a width of 180 feet, as 
stated m previous annual reports. 
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Meager appropriations, and the consequent protraction of the opera¬ 
tions over a longer time, necessarily entail increased expense. 

The estimate of 1874 was. $408,925 00 

The appropriations since have been, June 23, 1874, $50,000; March 3,1875, 

$50,000; August 14,1876, $60,000; total. 160,000 00 

Leaving to be provided. 248,925 00 


Mr. Whitcomb’s revised estimate is now somewhat greater, viz, $258,024. 


Money statement. 

July 1, 1876, amount available. $104 59 

Amount appropriated by act approved August 14,1&76. 60,000 00 

60,104 59 

July 1, 1877, amount expended during fiscal year.v.. 43,201 67 

July 1, 1877, amount available.’. 16,902 92 

Amount (estimated) required for completion of existing project. 258,024 00 


Amount that can be profitably expended in fiscal year ending June 30,1879. 150,000 00 


REPORT OF MR. H. D. WHITCOMB, ASSISTANT ENGINEER. 

Richmond, June 1,1877. 

Colonel : I have the honor to submit the followiog report on the improvement of 
James River from July 1, 1876, to May 31, 1877, inclusive. All work on the improve¬ 
ment was suspended July 1, 1876, that by the United States having ceased in March. 

Work was resumed by the United States September 15,1876, and bv the city of Rich- 
mood March 1,1877, and has been carried on by both parties to the present date, a 
period of eight and one-half months. 

No contracts have been made except for the supply of timber; the work has been 
done by the day both by the United States and by the city. On the 15th September, 
1876, two dredges began work on the widening and extension of the channel between 
the Brewery and Almond Creek. On 1st October a third dredge and the machinery for 
blasting and removing rock began work on the Goode’s Rock Channel, and work was 
commenced on the timber-groins intended to contract the width of the river on Rich¬ 
mond Bar. Of the machinery used tlje United States owns that for blasting and re¬ 
moving rock, inclnding one lighter; the remaining machinery, consisting of two 
steam-tugs, three dredges, one powder pile-driver, two steam-dumpers, and nioe 
lighters, belongs to the city of Richmond, and is rented to the United States for actual 
cost of repairs while in its service. 


AMOUNT OF WORK DONE. 


The following statement gives the cnbio yards of material removed by dredging and 
blasting since September 15,1876: 



By the United States. 


By Riohmond City. 


Channel between Brewery and Almond Creek. 

Channel through Goode's Rooks. 

Lamp in Duten-Gap Canal. 


Cubic yards 
earth, &o. 

Cable yards 
rook. 

Cnbio yards 
earth, Ao. 

Cnbio yards 
rook. 

36,655 

3,101 

32 

140.25 

1,267.42 

13,216 

10.50 





29,788 

| 1,407.67 

13,216 

10.50 


By tbe James River and Kanawha Canal Company, at entrance to 

dock, sand.6,240 cubic yards. 

By tbe Old Dominion Steamship Company, at their wharf, sand.2,816 cnbio yards. 

By tbe Old Dominion Steamship Company, at their wharf, bo wlders. 3 cubic yards 
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By all parties: 

Earth, sand, decomposed rock, cobble-stones, and small bowl¬ 
ders. 52,060 cubic yards. 

Solid rock and large bowlders.. 1,421.17 cubic yards. 


Total... . .... 53,481.17 cubic yards. 

Timber-groins built. 3,863 feet. 

The cost of that portion of the work done by the United States, including repairs 
and renewals, and detentions, and damages by freshets or accidents, but not including 
interest on capital invested in machinery, has been as follows: 

Material dredged below Brewery, decomposed rock, cobble-stones, and sand, 

including transportation to and dumping on groins, per cubic yard. $0 33.53 

Cobble-stones, small bowlders, decomposed rock, &c., dredged at Goode’s 


Rock. 1 39.23 

Solid rock and large bowlders blasted and raised. 7 54.10 

Timber-groins, materials, work, and repairs, per linear foot. 1 46.25 


Of the amount ex.cavated, 36,168 cubic yards was transported to and dumped on the 
groins or training-walls by the United States, and the remainder similarly disposed of 
by other parties. 

The channel from the Brewery to Almond Creek has been excavated 100 feet wide 
and to a depth of 15 feet at mean low-tide. The channel through Goode’s Rocks has 
been excavated 100 feet wide and to a depth of 13 feet at low-tide; much the larger 
portion being 15 feet. 

The wing-dams and training-walls have widened the navigable channel, and, in 
most cases, deepened it; and it now requires the removal of only 28,000 cubic yards of 
sand and gravel to open a channel 100 feet wide and 12£ feet deep at mean low-tide 
from Rocketts Reef to Hampton Roads. This is equivalent to 16 feet at mean high- 
tide. 

The Dntch-Gap Canal is now need by all classes of vessels coming to .tbisport, bat 
needs further widening to be entirely satisfactory. 

In the last annual report an analysis of the survey of 1874 was given, which indi¬ 
cated that many of the shoals on the river could be permanently removed by contract¬ 
ing the width of the river at certain points; and the opinion was expressed that the 
width on Richmond Bar should be from 550 to 600 feet. The experiment of contrac¬ 
tion has been tried in an incomplete way, for the appropriation dfd net pewit the full 
execution of the plan. Timber-groins or wingrdams have been built from 400 to 1,200 
feet apart on Richmond Bar and other shoals, and in this way the river has been con¬ 
tracted in width to about 600 feet so far as they extend. The results are shown In the 
accompanying table and diagrams. The first groin, which contracted the river-width 
to abont 600 feet, was built with yopr approval by the city in June, 1876, and is num¬ 
bered 35 in the table. The remainder were built by the United States between Octo¬ 
ber, 1876, and March, 1877. The scour observed, due to the tides, which here hare a 
range of 34 feet, has been very small, and freshets in tb©river must be relied on for rapid 
effects. There has been no considerable freshet during the year. The highest rise 
noted occurred September 24, 1876, and was 8.69 feet above mean high-tide. Another 
occurred in January, accompanied with an unusual quantity of ice, of 7 feet; a third 
in May was 2.55 feet. Each of these freshets improved the channel opposite to and 
between the wing-dams to such an extent as to warrant the expectation that the 
improvement will continue in the future, and will probably be permanent, 
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Statement’giving the characteristics of certain sections of Jams River in 1874 and 1877, 
showing the effect of contracting its width in the interval up to May, 1877. 
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Host channel depth at low 
tide for 100 feet width, 1874. 

Present width at low tide, 
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Square feet cut off by wing- 
dams. 

Area of section at low-tide, 
in square feet, May, 1877. 
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Best channel-depth at low- 
tide for 100 feet width, 1877. 

Time .elapsed since contrac¬ 
tion was completed. 

19 

700 

5,354 

11.0 

590 

March, 1877.... 

464 

5,336 

446 

12.2 

2 months. 

SI 

7-20 

4,729 

10.5 

538 

March, 1877.... 

568 

4,718 

557 

10.8 

2 months. 

S3 

740 

4,913 

11.3 

540 

March, 1877.... 

934 

4,426 

447 

11.4 

2 months. 

35 

950 

6,298 

10.3 

595 

Jane, 1876.j 

1,422 

6,559 

1,703 

12.5 

11 months. 

37 

1,140 

5,504 

a? 

585 

Oct, 1876. ! 

1,588 

6,008 

2,092 

11.8 

7 months. 

39 

1,905 

5,799 

8.0 

588 

Oct, 1876. 

1,845 

5.843 

1,889 

10.8 

7 months. 

41 

1,140 

5,552 

9.3 

600 

Nov., 1876. 

1,245 

5,497 

1,190 

10.8 

6 months. 

43 

1,990 

6,201 

12.2 

608 

Nov., 1876. 

1,295 

5,598 

690 

11.4 

6 months. 

47 

1,060 

7,284 

12.3 

640 

Feb., 1877. 

1,723 

5,973 

412 

12.8 

3 months. 

51 

1,020 

6,481 

9 0 

637 

Dec., 1876. 

1,539 

6,414 

1,472 

11.2 

5 months. 

53 

090 

6,783 

9.3 

637 

Dec., 1876. 

1,234 

6,329 

780 

11.6 

5 months. 


lor farther information on these sections, see diagrams. 


If theee sections are a fair representation of the bottom between them, the number 
of cubic yards removed by scoar is as follows: 


Between 19 and 23.-. 15,238 

Between 35 and 43, Richmond bar. 129,937 

Between 43 and 47 . 25,017 

Between 47 and 51 . 33,496 

Between 51 and 53, Randolph flats.-. 20,826 


Total cubic yards 


224,514 


There has been some shoaling below the lowest groin bnilt, where the width is ab¬ 
ruptly increased from 637 feet to about 800 feet. On the opposite side to the groins 
there is a timber training-wall, bnilt in 1874-’75, which had contracted the width to 
about 800 feet, and had caused considerable sconr. The present depth is greater than 
it was in 1874, but it is less than it was in 1876, but is still equal to 14£ feet at mean 
high-tide. 

Obviously, the contraction of the river should be eontinued down to a point where 
its present width is about that to which it has been contracted artificially above. This 
point is found below Warwick Bar, If miles below the lowest wing-dam already bnilt, 
and 5f miles below the city. Below this, as far as Dutch Gap, the river has an aver¬ 
age width of about 600 feet, aud a depth of channel at low tide, exoept for a short dis¬ 
tance in Kingaland’s reach of at least 18 feet at high tide. Warwick Bar is now about 
2,060 feet above its location in 1852, as shown on the Coast-Survey chart. It is now 
just above Gunn’s wharf, the site of a military bridge during the civil war. Portions 
of sunken vessels aud other obstructions still remain there, but they are not in the 
usual track of vessels. From this point downward there is now a good channel, with 
from 16 to 17 feet at high-tide. Over the present bar, which is 500 met long, there are 
bat little over 15 feet. There were two lines of cribs and vessels sunk on old Warwick 
Bar during the war, the lines not being continuous. Many of these were removed 
under your instructions. Those now remaining are causing irregular sconr. The 
effieet on the fair-way for vessels has been beneficial, as it is 3 or 4 feet deeper opposite 
the obstructions than was found by the Coast Survey in 1852. 

In regulating the width of the river here it would seem advisable to remove all the 
remaining obstructions which are within the contemplated lines of contraction. 

It was suggested, in the last annual report, that the depth to which the improve¬ 
ment shoal doe earned below Warwick Bar should be 18 feet at low-water, instead of 
that now intended of 15 feet. The reason given was, that vessels loaded for the high- 
tide depth at Richmond should be able to pass all the lower shoals at any stage of the 
tide. It is not unlikely that the work of deepening below Warwick Bar,- at least where 
the shoals are of sand or light earth, can be accomplished by properly-loeated training- 
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• 

walls, and the increased expense on bars of harder material wonld not be considerable 
for the greater depth. 

The following statement of shoals below Warwick Bar, with their length at certain 
depths, has been compiled from maps in this office, and is submitted for yonr consider¬ 
ation. It has been impossible, with the jneans in hand, to examine the character of 

these lower shoals duriug the past year, so as to make a reliable estimate of the cost 
of their removal, but it is important to have this information as soon as practicable. 
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The distances from Richmond were scaled from published maps, but may not be 
very accurate. They were measured via Dutch Gap canal. The Const-Survey charts 
show a channel to the north of White Shoal light-house, with at least 26 feet at low- 
tide. 

SURVEYS. 

A resurveyof the river from the ship-lock to S$ miles below has been made, and also 
of Kiugalamrs reach. The soundings on the latter are still incomplete. 

It is proposed also to resurvey the river from about I mile above to 4 miles below 
the Dutch Gap canal, to ascertain what changes, if any, have occurred since that work 
was opened. 

PRESENT CONDITION OF THE CHANNEL. 

At mean high tide, which is assumed to be feet above the zero at Rockett's Reef, 
there is a minimum depth in the chauuel over the reef of 14,3 feet; thence to the 
there is a minimum depth of 144 foot. 

observations on the tides. 

One of the registering tide-gauges, which at the date of the lost report was at the 
Chesapeake and Ohio Railroad wharf, was removed to Rockett's in October, 1STG. 
The other ? which was at Dutch Gap, was removed to Richmond Bar in March, lrT7. 
The observations taken at Rockett's from October to May, inclusive, except those for 
December and Jannary, (which were very irnperfuet.) Tin>se takeu at Dutch Gap for 
October and November, 1876, and those taken on Richmond bar in April, May, and 
part of March, are given below. 

Owing to a misunderstanding of the value of the scale of reduction on the gauge 
used at Dutch Gap, the results for that station published in the last report are incor¬ 
rect, A corrected station, now given, shows that the observations made in 1874 by Mr. 
Popp agree more closely with t hese more extended observations than was stated- The 
mean low tide, as given by him, is 0.161 lower than the mean of observations in 1875- 
76, and 0.33 lower than the mean of October nml November, 1870. 
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Comparing the tidal observations at Rockett’s and Richmond Bar in April and May, 
1877, the latter being 2£ miles below the former, we fiud: 

Rockett’s. Richmond Bar. 


flH. TC€{. 

Mean rise and fall of tide. 3.079 3.310 

Mean height of low tide above zero. 0.684 0.4:16 

Highest high tide. 6.90 6.95 

Lowest low tide. 0.80 0.80 


The zero at Richmond Bar is supposed to be 0.05 foot below that at Rockett’s, and, 
saBuming this to be correct, the mean fall at low tide for these months was 0.298 foot. 
Tbe tidal range at Druryte Landing, 7 miles below Richmond, was by the survey of 
1874 0.25 foot greater than at Rockett’s. The contraction l>y the wing-dams at the 
har may have raised the level of both high and low water. The fall from Rockett’s to 
Richmond Bar at low tide in 1874 was found to be 0.58 foot at a point about one-fourth 
mile farther down than the present gange. The high tide of April 10, 1877, is the 
highest observed since I was placed in charge of the work in July, 1874, and I believe 
for a much longer period. It was caused by an easterly gale on the coast. 


ESTIMATE FOR JAMES RIVER IMPROVEMENT, 1877— DEPTH 15 FEET AT LOW TIDE, AND 

WIDTH OF CHANNEL 180 FEET. 


Richmond dock to Rockett’s Reef: 
16,000 cubic yards dredging, at 50 cents. 
300 cubic yards rock, at $10. 


Across Rockett’s Reef: 

5,406 cubic yards rock, at $10. 

' Rockett’s Reef to lower end of Drury’s Island: 

60,1100 cubic yards dredging,at 50 cents. 

1,080 linear feet timber groins, at $1.75.. 

Channel at Goode’s Rock: 

1,600 cubic yards rock, at $9. 

2,000 cubic yards dredging, at $1.50.. 


Across Richmond Bar and Randolph Flats: 

40 OOO cubic yards dredging, at 25 cents. 

3,000 linear foot timber groins, at $1.75. 


Across Warwick Bar: 

20.000 cubic yards dredging, At 25 cents 
8,000 1in ear feet timber dikes, at $3.50.. 


Kingsland’s Reach: 

13 non cubic yards dredging,at 25 cents. 
2,2UO linear feet timber dikes, at $3.50.. 


19 2S 


$8,000 00 

3,000 00 


$30,000 00 
2,940 00 


$14,400 00 
3,000 00 


$ 10,000 00 

5,250 00 


$5,000 00 
28,000 00 


$3,250 00 
7,700 00 


$ 11,000 00 

54,860 00 

32,940 00 

17,400 00 

15,250 00 
33,‘ 000 CO 
10,950 00 
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Dutch Gap Cut-off: 

22,000 cubic yards excavation, at 25 cents. $5,500 00 

10,000 cubic yards dredging, at 50 cents. 5,000 00 

- $10,500 00 

Aikin’s, (from coast survey, 1852:) 

48,000 cubic yards dredging, at 25 cents. $12,000 00 

3,000 linear feet timber dike, at $4 . 12,000 00 

- 24,000 00 

Across Harrison’s Bar, (from coast survey, 1875:) 

Channel 200 feet wide by 16 feet at low tide. 

12,800 cubic yards dredging, at 40 cents. 5, 120 00 

Contingencies, 20 per cent. 43,001 00 


Total. 258,024 00 

The change in the width and depth at Harrison’s Bar to 200 by 16 feet at low tide is 
suggested on account of its importance and because the range of tide is from 0.5 to 0.8 
foot less than at points above. The estimate is submitted with the supposition that 
the prices for labor and materials will remain as at present, and that full appropria¬ 
tions are made so as to avoid the increase in expense attending intermittent and 
incomplete operations. 

COMMERCIAL STATISTICS. 


The following letter from the collector of this port has been received: 

Custom-House, Richmond, Va., June 6, 1877. 

Dear Sir : Inclosed I furnish a tabular statement of the number of vessels, ton¬ 
nage, and export transactions at this port for one year from June 1, 1876; also a 
statement of revenue derived from imports. 

I feel a deep interest in the success of the improvement, and it will afford me much 
pleasure to give it such aid as is within my power. 

Very truly, yours, 

Charles S. Mills, 

Collector, 

Mr. H. D. Whitcomb, 

Assistant Engineer . 


Vessels , tonnage , and exports from port of Richmond for year ending May 31, 1877. 
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Of the number of vessels, two of them rated over 800 tons each, and twenty-one 
over 500 tons each. 

The amount of revenue derived from imports for the year ending May 31,1877. was 
$21,880.87. 

Through the courtesy of P. H. Russell, esq., collector of internal revenue for Rich¬ 
mond district, I learn that the collections of this district from July 1 to May 31, inclu¬ 
sive, a period of eleven months, amounted to $3,017,796.88. 

The following quotation from the annual report of R. E. Blankenship, esq., chairman 
of the Janies River Improvement Committee of Richmond, dated February 1 1877, 
will show as nearly as practicable the amount of tonnage, &o., of this port for the 
years # ending December 31, 1875 and 1876. 

It is unnecessary to allude to the great benefits of this improvement to the city, as 
that is conceded and applauded by all classes of people; but it is quite proper that we 
should hold up for the general information the increase in number and size of vessels, 
and we regret that there is no means at our command by which we can show the in¬ 
crease in the tonnage of the port for the year. Fortunately the Chesapeake aad Ohio 
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Railroad Company give careful attention to this important matter, and throngh the 
courtesy of the officers we are enabled to state exact figures, and they may, to a fair 
extent, be used as a basis for estimating the increase of touuage for the port. 

In1875,286 schooners, 4 barks, 1 brig, eutered at Chesapeake and Ohio wharves, carry¬ 
ing 102,217 tons of freight. 

In 1876, 443 schooners, 29 barks, 1 brig, entered, carrying 154,617 tons of freight. A 
dear increase in one year of 64 per cent, in nnmber of vessels and 54 per cent, in ton¬ 
nage. The business at these wharves is rapidly increasing, and the receiver assures us 
that he expects during 1877 to double the tonnage of last year. 

The officers of the Chesapeake and Ohio Railroad Company are much pleased with 
their prospects for tonnage, aud unhesitatingly attribute their success to the improve¬ 
ment of the James River. 

The Richmond dock has no account of the tonnage passing its gates. * * * We 

annex a statement of vessels entering the lock: 

In 1875, 1,404 of all classes. 

In 1876, 1,715 of all classes. 

Showing an increase of 22 per cent, in the year. This is surprising in face of the fact 
that vessels of greater draught were coming up to Rockett’s wharves all daring 1876 
than con Id cross the miter-sill of the ship-lock. 

The shipments of flour and tobacco in large vessels from Rockett’s was a regular busi¬ 
ness during 1876, and the good effects have already been felt in that almost deserted 
part of ou r port. V 

At the Richmond and Danville Railroad wharves many cargoes of heavy merchan¬ 
dise—coal and railroad-iron—have been discharged between vessels and cars and the 
expense of transfer throngh the streets avoided. 

The New York steamers are bringing largely increased cargoes, and making their 
arrivals and departures without waiting for the rise of the tide. Lightering goods, ex¬ 
cept for vessels drawing over 14 feet, is about abandoned on the river. * # * 

The Richmond Despatch, January 1,1877, gives the harbor-raastei’s report for the 
previous year, stating the number of vessels that entered at Richmond during the year, 
excluding river and oyster craft, as follows : Barks 49, brigs 53, schooners 680; number 
of sail-vessels 782, side-wheel steamers 304, propellers 268; whole number of steamers 
572; whole number of arrivals 1,354. Amonnt of tonnage for sail-vessels, 152,000 tons; 
average for this over last year, 20 per cent. Amount of tonnage of steamers, 500,000, 
an increase over 1875 of 10 per cent. 

The city of Richmond has iu furnishing machinery and by a limited appropriation 
aided in carrying on the work in the past year. 

Very respectfully your obedient servant, 

H. D. Whitcomb, 
Assistant Engineer . 

Col. Wm. P. Craighill, 

Afajor Corps Engineers , U. S. A, 


F 5- 

IMPROVEMENT OF THE APPOMATTOX RIVER, VIRGINIA. 


Od the 1st of July, 1876, Mr. G. H. Ferris was still engaged, under 
his contract of December 31, 1875, for widening the Puddledock Chan¬ 
nel. He completed his work on the last day of August, 1876, the chan¬ 
nel being left with a width of about 100 feet and a depth permitting ves¬ 
sels drawing 10£ feet to pass with ease. This new cut is now used al¬ 
most entirely. 

A new appropriation of $30,000 was made by the act of August 14, 
1876 of which $15,000 became available about the middle of September. 
Proposals were at once invited for raising the banks of the Puddledock 
Channel at some low places where the water in freshets threatened to 
break through from the old channel. The contract was awarded Octo¬ 
ber 18 1S76, to Mr. W. H. Beard, the lowest bidder. Work was begun 
in November, 1876, and finished in June, 1877. The material for the 
banks is gravel taken from the adjacent channel. About 35,000 cubic 
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yards have be^n used for that purpose. To secure the bank, willows 
have been planted. A small qnautity of rip*rap stone has been used. 

It is not considered that the Puddledock Channel needs further work 
at present. The river between the upper eud of that chaunei and the 
city of Petersburg now needs attention, and it is expected to expend 
there before the close of 1877 the remainder of the appropriation of 
August 14, 1876. 

Mr. H. D. Bird has continued, as heretofore, the resident engineer at 
Petersburg. 

Money statement . 


July 1,1876, amount available. $7,613 17 

Amount appropriated by act approved August 14, 1876 ..% . 30,000 00 

• 37,613 17 

July 1, 1877, amount expended during fiscal year. 22,042 (8 

July 1, 1877, amouut available. l. r >, 571 09 

Amount (estimated) required for completion of existing project. 83,000 00 

Amount that can be profitably expended in fiscal year ending June 30,1879. 50,000 00 


Proposals for dredging Jppoma'tox River, opened at 1.05 o'clock p. m., October 18,1876. 


No. 

Name. 

I ' . 
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\V. H. B ard. 

Brooklyn. N. Y- 

30 

Nov. 15, IH-Jfi 

June 30. 1877 , 

Contract awarded. 

3 

M. F. Brainard. 

i 

Albany, N. Y. 

31* 

Jan. 1, 1877 j 

Jane30,1877 | 



REPORT OF MR. H. D. BIRD, ASSISTANT ENGINEER. 


Petersburg, Virginia. 

Colonel : I have the honor to report tp you the progress made in this improvement 
during the past twelve months. 

In June, July, and August, 1876, Mr. G. H. Ferris, the contractor, was engaged in 
finishing his contract for widening Puddledock Channel to 100 feet (which work he had 
commenced in January of that year,) and dredged out 38,177.50 cubic yards. This, 
added to the number of yards taken out previously, made 112,537 yards, the whole 
number dredged in widening this channel. It is now sufficiently wide to accommo¬ 
date vessels passing each other. 

In tlie month of October, 1876, a contract was made with W. H. Beard for making 
an embankment to protect two low places ou the north shore of this channel, which 
were liable to bo damaged by freshets. The work was commenced on.tbe 15th of No¬ 
vember, and up to this date he had filled in .29,182.5 yards, makiug, with the first three 
months’ work, 67,360 yards done in the fiscal year. 

Ves«els drawing 11 feet water can now reach the city. 

There has been dredging enough done on the river to accommodate its present trade. 
But it is very necessary to continue the works now under execution of protecting the 
channels which have been dredged out from injury by freshets. The embankment 
now completing in Puddledock will secure that portion of the improvement; but there 
are other places that equally ueed securing. Indeed, the amount of damage done by 
a single freshet in the winter of 1874-75 to the Petersburg Channel, ad mo ui shew us 
that the work of protection cannot be deferred without risk of further injury to the 
improvement. 

As directed in yonr circular of March 22 last, I have added to this report tbo statis¬ 
tical information in regard to the business of |Petersburg, called for by the Chief of 
Engineers, to enable him to report upon the value of this improvement to the Gov¬ 
ernment. I do this the more readily, as our river is a short one and apparently a mere 
local work, as would seem from the present amonnt of commerce on it. But this is no 
indication of the real amount of business done in the city. The statistics given below 
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sufficiently prove that even in these times of general depression of business, Peters¬ 
burg is a place of considerable importance, and can be made more so by the comple¬ 
tion of our river improvement* The internal revenue-tax paid the Govei nment affords 
ample proof of this. Yon will find among the statistics given that the collector of that 
revenue says the amount for tbi9 fiscal year will be $*2,500,000. And you will see 
farther he states that in the twelve years since the war there was collected at this j 
office fully $24,000,000 of iuternal revenue. 

When it is recollected that this revenue was paid in a city of 20,000 inhabitants, 
which had just emerged from a rninons war, and had been material ly damaged by a 
ten months' siege, whose commerce and trade had to be built up again from the foun¬ 
dations, and whose prosperity in its first dawn was clouded over by the financial storm 
of 1573, which fell upon this city with greater violence than elsewhere, I think it in¬ 
dicates a vitality in the spirit of the people and a strength in its natural position for 
commerce which entitle it to the generous consideration of Congress. 

In order fully to comply with the requisition of the Chief of Engineers, I beg leave 
to give a brief account of our river improvement, to show not only its value to our 
people, but the interest the public at large have in it9 completion. 

Over half a century ago the commerce of the city had increased so much that the 
merchants raised a company to improve the navigation of the river. 

The work was commenced, and in a few years the depth of water was nearly doubled. 
This gave such an impulse to the trade of the city that the improvement would un¬ 
doubtedly have been carried on to completion if it had not been interrupted by tho 
question of railroads, which then began to attract the public attention. The citizens 
of Petersburg were the first to take a practical interest in this question. Without 
pausing to witness its effect upon larger communities, they boldiy projected and as 
boldly commenced the construction of 60 miles of railroad to North Carolina, and it 
was one of the first completed in the United States for the purposes of general trans-t 
portation. They also built a railroad to City Point, with the expectation that it would 
answer better than the improvement of the river, it befug one of the exaggerated no¬ 
tions of that day that railroads would supersede canals. 

But it was not long before the merchants found that the cost of maintaining even a 
short railroad, added to the delay of transshipment, was too great a burden on their 
trade; and Congress having at that time commenced improving the rivers and harbors 
of the country, a small sum was appropriated to improve the James and Appomattox 
Rivers. This turned attention to the river again. 

A Government engineer was sent on to survey and lay down a plan of improvement 
for it, and the work was soon commenced. But unfortunately for the interests of 
Petersburg„the southern members of Congress of that day were opposed to expending 
money on works of this kind, and no more appropriations were made for our river. 
The Government engineers were withdrawn, but the city council took up the work 
where they left it, and continued it; and when the war broke ont, they had succeeded 
in deepening the navigation to such an extent that vessels drawing 9 feet could reach 
the city. 

Irfthe mean time the line of railroads commencing at Petersburg and running west 
to Lynchburg, and southwest to Memphis and New Orleans, had been completed, aud 
the companies owning them had united in one line for the receipt aud transport of 
merchandise ’to City Point, the port of Petersburg, and thence by steaimship lines to 
KewYork and other northern cities. This through line worked so well that at the 
time hostilities commenced the tonnage cauied on it had grown to great importance 
aud was increasing every day. While this promising business was going on the city 
council was busily prosecuting the work on the river, and if it had not been for the in¬ 
terruption caused by the war, the improvement would have been completed, and 
Petersburg years ago would have become the point of shipment of this large tonnage, 
aud her citizens wonld now be reaping the reward of their enterprise and expenditure 
in opening the route for it. Instead of that they behold this traffic, now grown to 
gipntic proportions, carried through their streets and along their wharves to go 80 
mile* farther by rail to Norfolk for'shipment. 

How this was accomplished is explained in a few words. When the war ended the 
citizens of Petersburg fonnd themselves impoverished and well-nigh ruined by it; 
and they had literally to commence and build up a new trade again. Bat this was not 
the worst of their calamities. They found their railroad with its depots and bridges 
bunrt, its rails, engines, and cars worn ont, and the company owning it worse off than 
themselves, without funds, without credit, and without friends to aid it. 

While the citizens were bnsily engaged in trying to recover from their losses, the 
nilroad fell into the bands of capitalists who raised the means to rebuild it. This was 
*oon done, but the road was not rebuilt iu the interests of Petersbnrgh. The persons 
vhoobtained control of it fonnd it to their interest to add to it the 80 miles of rail- 
toad to Norfolk; and thus was Petersburg deprived of the business which legitimately 
belonged to her, and for which she had toiled and spent her treasure before the war. 

There was no other reason for this procedure. If Norfolk had been the port of James 
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River, if any of this tonnage had beeD shipped that way before, if even it was a better 
port than the port of Petersburg (City Point) or the nearest and cheapest point of 
shipment, there might have been some justification for the act. But there was none. 
Up to the war the through tonnage had been shipped from City Poiut as cheaply as 
ireigbt could be shipped from Norfolk, and by the same line of steamships which now 
takes it from Noifolk. And to show beyond all doubt that it is a mere arbitrary ar¬ 
rangement of the parties controlling the railroad, I will state further, that the steam¬ 
ship company which then took the freight from City Point, now run their steamships 
empty from City Poiut to Norfolk, and they takfe the freight there, after it is carried 
over the 80 miles of railroad between Petersburg and Norfolk. This makes this case 
as much a wrong to the public who use this route as it is to the people of Petersbujg, 
and I respectfully suggest an inquiry into it by the power competent to remedy it. 

This railroad has to be kept up, and it can only Ipe done by a charge on the tbrongh 
tonnage, which charge conies out of the pockets of the merchants of the North and 
South who own the tonnage. It is in effect a tax levied upon them to support the 
railroad ; and perhaps it may iuduce them or their representatives in Congress to ex¬ 
amine into it, to see how much money can be saved to the countiy by restoring the 
tonnage to its ancient route. 

The railroad is in the hands of receivers, and no published reports are made at pres¬ 
ent. But I have in my hand a report of the company for 1872, which shows that the 
through tonnage of that year, carried both ways, between Petersburg and Norfolk on 
the railroad, was 90,617 tons, and that it paid for transportation over the road. $213,- 
131.18. It is doubtless much greater now, as the tonnage is an increasing one. But 
surely a tax of over $200,000 a year on the country is an evil of such magnitude that 
it ought to be abated. 

This, it is believed, can be effectually done by the completion of the Appomattox 
River improvement, and by some legislation of Congress to regulate the intercom- 
merce of the States, to protect them from abuses of this kind. 

Respectfully, your obedient servant, 

H. D. Bird. 

Col. Wm. P. Craigiiill, 

Major Corps of Engineers , U. S. A. 


STATISTICS OF THE CITY OF PETERSBURG, VA., FOR THE YEAR 1877. 


Population, (by last census). 18,950 

Internal revenue: 

Paid theGeneral Government for the last fiscal year. $2,250,000 00 

Paid the General Government during the twelve years since the war... 24,000,000 00 

Valuation of taxable property: 

Real. $6,000,600 00 

Personal. 3,000,000 00 


9,000,000 00 


Taxes paid: 

State.... $55,624 47 

City... 195,000 00 


250,624 47 


Tonnage: 

River, 351 vessels. 30,000 

Railroads: 

Atlantic, Mississippi and Ohio. (No reports.) 

Petersburg and Weldon Railroad. 60,000 

Petersburg and Richmond. 85, 


Agricultural products sold in Petersburg, value: 

31,000 bales cotton.$1,750,000 00 

11,931 hogsheads tobacco. 3,500,000 00 

Loose tobacco... 4,750, 000 00 

250,000 bushels wheat. 450, OOO 00 
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300,000 bnshels corn. $180,000 00 

300,000 bushels peanuts. 240,000 00 

00,000 tons sumao. 360,000 00 

Hay, oats, and shucks. 00,000 00 

Eggs, batter, &c. 50,000 00 


11,340,000 00 


Merchandise sold in Petersburg, value: 

Groceries.$3,750,000 00 

Dry-goods.. ..-. 1,250,000 00 

Clothing..........- 400,000 00 

Shoes..?. 325,000 00 

Hats and caps. 175,000 00 

Hardware, stoves, and tinware. 400,000 00 

Crockery and stoneware.-. 100,000 00 

Hides and leather. 00,000 00 

Books, stationery, and musical instruments... 90,000 00 

Fertilizers...-... 125,000 00 

Lumber...... 220,000 00 

Coal and wood...•..... 180,000 00 

Miscellaneous. 110,000 00 


7,185,000 00 


Manufactories, value of products: 


7 cotton; 36,000 spools. $720,000 00 

22 tobacco-factories. 2,870,000 00 

5 Hoar-mills. 625,000 00 

5 corn-mills . 100,000 00 

2 iron-work8 . 175,000 00 

4 printing-offices.-. 85,000 00 

Coach and wagon factories, «&c... 250,000 00 


4,825,000 00 


Banking and insurance companies: 

6companies; capital.. 

Private bankers.. 

Deposits... 


$1,470,000 00 
500,000 00 
950,000 00 


2,920,000 00 

t — - ■ -- 


City property, value: 

Biver improvement. $200,000 00 

Wharves. 20,000 00 

Water-works.... 125,000 00 

PaWic school-honses. 55,000 00 

Steam fire-engines.. 20,000 00 

Kailroad stocks. 550,000 00 


970,000 00 


LETTER FROM COLLECTOR OF INTERNAL REVENUE. 

United States Internal-Revenue Collector’s Office, 
Second District Virginia, 

Petersburg, June 6, 1877. 

8ra: As desired I give below wished-for information. 

The amount of internal revenue received at this office during the last fiscal year was 
$902,591.09. In addition to this, 4,680,000 ponnds of manofactored tobacco was ex¬ 
ported from this city to various parts of the world, representing a revenue-tax of 
$1323,200 if paid. 

From my Knowledge of the business of this office, I can, with perfect safety, state 
that the amount of internal-revenue taxes, including the tax represented by tobacco 
bonded during tb© last twelve years, at fully $24,000,000, an average of $2,000,000 per 
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annum. The amount for the present year will be fully $2,250,000, as the revenue de 
rived from the business of this city is steadily increasing. 

Very respectfully, 

C. A. Richaid, 
Collector. 

H. D. Bird, 

V. S . Assistant Engineer 


F 6. | 

IMPROVEMENT OF THE GREAT KANAWHA RIVER, WEST VIRGINIA* ! 

On the30th of June, 1877, five contracts were in force, as follows: 
with D. M. and C. P. Dull, August 20,1875, for building lock No. 5, near 
Brownstown; with C. McCafferty, October 15, 1875, for building lock 
No. 4, near Cabin Creek Shoal; with J. H. Shultz, March 28, 1876, for 
building the dam, abutment, pier, and floor of a navigation-pass adjoin¬ 
ing lock No. 5; with Freeman, Bichardson & Fraser, May 1, 1877, for 
a dam, abutment, pier, and floor of a navigation-pass adjoining lock 
No. 4; with W. M. Archer, May 23, 1877, for the iron work of the pass 
and wier of dam 5. 

The details of the operations of the fiscal year are set forth in the 
accompanying report of Lieut. Thos. Turtle, Corps of Engineers, who 
has been the resident engineer in immediate supervision of the work; 
The working season of 1876 was reduced to but a few days, compara¬ 
tively, owing to the unusual frequency of freshets, which prevented such 
progress with the operations as was expected, and would have been made 
if the condition of the river had permitted. This cause of delay is, of 
course, beyond control. 

Every suitable day has been taken advantage of for laying masonry 
in the foundations. Much material has been prepared and is in read¬ 
iness for introduction into the structures. It is certaiuty expected that j 
a good showing will be made by the end of 1877, unless there should be | 
a recurrence of the freshets w hicli were so frequent in 1876, j 

An appropriation of $270,000 was made by act of August 14, 1876, 
of which $15,000 became available in September, 1876, $170,000 in Jan¬ 
uary, 1877, and the remaining $85,000 in March, 1877. Additional con¬ 
tracts were entered into as soon thereafter as they could be made. 
Negotiations were also commenced by the United States district atfcor- 
hey for the acquisition of sites near Paint Creek, where are to be located 
lock and dam No. 3. These are still in progress. 

While the works for the permanent improvement by locks and dams 
are incomplete, where begun, and limited in extent as to localities occu¬ 
pied, owiug to inadequate appropriations, there are points not affected 
by such permanent works w hich require a small expenditure for their 
temporary amelioration. Operations of this character have been con¬ 
sidered necessary at but one such point during the fiscal year, viz, at 
Bed House Shoal. This work was resumed in September and com¬ 
pleted in November, 1876. Beference is requested to the accompanying j 
report of Mr. A. M. Scott on that subject. Mr. Scott has also been con¬ 
stantly and very efficiently engaged on the works of permanent improve¬ 
ment and in special surveys and examinations, which have been and 
will continue to be from time to time necessary. 

\ Mr. W. B. Hutton has continued during the year, by constant confer¬ 
ence, aid, aud advice, to give me the benefit of his extensive profes¬ 
sional knowledge aud experience. 


Digitized by CjOOQle 



APPENDIX F. 


297 


A series of connected observations have been made at several points 
on the New River, below the mouth of the Greenbrier, for the purpose 
of determining the effect of freshets in the New River upou the regimen 
of the Kanawha. Some observations have also been made on the Elk 
River with a similar object. 

The appropriations have been: March 3,1873, $25,000; June 23,1874, 
$ 25 , 000 . Expended in the temporary improvement, March 3, 1875, 
$ 300,000 ; August 14, 1876, $270,000. The total of the estimate for the 
permanent improvement was $4,153,000, but it is believed the work can 
be done for considerably less, as the estimate was full and the contracts 
thns far have under run the estimates. 

To show the commercial importance of the improvement of the Great 
Kanawha River, extracts have been freely made from a volume prepared 
by Professors M. F. Maury and W. M. Fontaine, entitled 44 Resources 
of West Virginia.” 

Money statement. 


July 1, 1876, amount available......'.$271,460 49 

Amount appropriated by act approved August 14,1876.... 270,000 00 

-$541,460 49 

July 1, 1877, amount expended daring fiscal year. 93,875 85 

July 1, 1877, outstanding liabilities... 25,266 47 

- 119,142 32 


July 1, 1877, amount available. 422,318 17 


Amount (estimated) required for completion of existing project. $3,582,000 00 

Amount that can be profitably expended in fiscal year ending June 30, lc79 . 500,000 00 


Proposals for two sets of culvert pipes and gates for locks on the Great Kanawha River, 
frest Virginia, opened at 12.05 p. m,, August 16,1876. 


No. 


Residence. 

Price for each set de¬ 
livered complete. 

Remarks. 

i 

! 

O. A. <fc W. T. Thayer. 

Charleston, W. Va 


$6,360 for both sets at lock 
site; to deliver within 60 
days from date of contract. 

*i 

Poole Sc Hunt. 

Baltimore, Md .... 

Will deliver them on 
cars at Coalbnrgh or 

To be delivered in cars at Bal¬ 
timore ; $5,200 for both sets 



' 

Brownstown Station, 
Chesapeake aud Ohio 
Railroad, for $5.50 ex¬ 
tra. 

in 4 weeks; $4,800 for both 
sets in 7 weeks. 

3 

H. A. Ramsay A Co.. 

All rejected- 

Baltimore, Md ... 

$1,947 80 

To be delivered within 12 
weeks of date of contract, 
at lock site. 


\ 
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Proposals for the iron-work of a movable dam on the Great Kanawha River . Bids opened at 

12.5 p . m. May 16, 1877. 


I H. A. Ramsay./. Baltimore. 

I A. Hartvipee.. Pittsburg, Pa. 

Wilcox, Shinkle Sc Miller. Pittsburg, Pa. 

1 Lane Sc Rodley Company. Cincinnati. 

J- IV Anderson. Richmond. 

A. G. Moore... Cincinnati. 

> Cooper Manufacturing Company. Mount Vernon, Ohio. 

I W. Bollman. Baltimore . 

, J. W. Jones. Philadelphia.. 

1 William M. Archer*. Richmond. 


* Contract awarded. 


RKPORT OP LIEUTENANT THOMAS TURTLE, CORPS OP ENGINEERS. 


U. S. Improvement Great Kanawha River, 

Charleston, Kanawha County , W. Va., June 18, 1877. 

Major : According to instructions, I submit the annual report of progress in the im¬ 
provement of the Great Kanawha River for the year ending Jane, 1877. 

Mr. A. M. Scott was in immediate charge of the work from Jnue 30,1876, the begin¬ 
ning of the fiscal year, till my arrival, under order from headquarters Corps of En¬ 
gineers, on August 29,1876. 

lock NO. 4. 


At the commencement of the fecal year the contractors were engaged in quarrying 
stone, stripping quarries, breaking concrete 6tone, and dredging on the lock-site pre¬ 
paratory to placing the coffer-dam. It was found that among the material to be 
removed from the lock-site was a considerable quantity of logs and stamps of large 
size. No indications of these were seen till the dredge discovered them. 

The framing of the coffer-dam began on June 26, 1876, and the placing of it npon 
the site commenced July 26. Plan and sections of this coffer-dam are inclosed, (sheet 
No. 1.) 

Besides the puddling in the dam, it was embanked upon the outside. August 14 the 
work of placing the coffer-dam was suspended by a rise in the river, bat was resumed 
on the 15th. The planking of three sections was displaced by the freshet. On Augast 
21 the coffer-dam burst open at the up-stream outer corner by the pressure of the pud¬ 
dling thrown into it. An angle-shaped crib-work was then put in, embracing, protect¬ 
ing, and supporting the upper and outer sides of this corner. This crib-work is eight 
feet wide, and extends to a little above the top timber or stringer of the coffer-dam. 

This crib was commenced on August 23, aud completed ou August 29, on which day 
the dredge finished its work. 

Work on the coffer-dam was again suspended on September 11, by a rise in the river. 
The placiug of the coffer had at this time reached the lower end, and, returning, the 
lower corner and about half-way to the bank. When the water subsided, it was found 
that this returned portion bad been thrown down stream, and its movement had 
swung the lower end on river side, outward from the corner to the third joint of 
stringer, up stream. To remove the debris and filling the dredge was again employed, 
and commenced work on the 1st of October. Nearly three weeks were lost by this 
rise. The placing of the coffer was completed on October 11, and by working night 
and day the filling progressed so that pumping began on the 14tb. The pumping was 
done by a horizontal centrifugal pump, working at the bottom of the excavation, and 
run by a 14-horee-powcr engine, which, with its boiler, was placed on a flat moored 
alongside the cofter-dam. The water was well out on October 20. The capaeity of the 
pump permits the coffer to l>e emptied in much less time than here shown, but some 
mishaps and delays, together with the desire to lower the water slowly in the first 
pumping, prevented quicker work. Excavation by band in the lock-pit commenced 
October 19. The water being out, it was found that the dredge had not removed all 
the material to rock, as was supposed, but that a layer of bowlders and cemented gravel, 
unevenly distributed, overlaid the rock. The coffer-dam, therefore, rested upon this 
layer, aud not upon the bed-rock, as was intended. On October 23 the coffer gave 
way at the lower end, from neglect to properly brace it, and moved inward 2£ feet on 
top, suspending the excavation. It was braced on the inside, and banked on the out¬ 
ride with clay. The leaks were all checked by next day, and,excavation was resumed. 
As soon as the water was well out a ramp of trestles and plankiug was constructed at 
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the lower end of the lock-pit, so that the excavated material conld be taken out in 
carts. 

When the.bed-rock was reached it was fonnd to be exceedingly uneven. The rock- 
borings made in the snrvey of the site indicated a pretty level bottom, but it was 
worn into mimerons gullies and pot-holes, showing that, at one time it formed the im¬ 
mediate bottom of the river. The rock consists of a bine sandstone, remarkably free 
from seams ; in fact, uo leakage whatever appeared through it. In consequence, the 
concrete, to be overlaid with timber and plank for the bottom of the lock, was aban¬ 
doned in the portion between the head and tail walls. 

The first stone was laid on November 5, and the placing of concrete commenced on 
the 13th. The laying of masonry and the excavation of the lock-pit was carried on 
until November *21, when a rise in the river broke in the side of the coffer-dam and 
suspended work in the pit. This break occurred becanse the contractors had not 
taken precaution to properly brace the iuside of the dam, as they had been requested 
to do. The sluice had been opened 1 hour and 35 minutes before the break occurred— 
too little time to fill the coffer. 

When the dam gave way the river was 5.3 feet above low-water, and rising at the 
rate of one-tenth of a foot in 13 minutes. The break was repaired. Repairs were 
completed ou December 16, the coffer dam was braced by December 20, and three 
other sluices were put in. All work other than stripping quarries of stone was now 
suspended, as cold weather bad set in. 

From the close of the season of 1876 to February 10 operations were confined to 
stripping quarries and the quarrying and cutting of stone, as weather permitted. Tbe 
river was closed by ice on January 2. Tbe ice was broken up by a rise on January 12, 
and passed out without damage. On February 10 pumping was resnmed, and the lay¬ 
ing of masonry began again ou tbe 15th. From this time y ill March 9 work went on 
rapidly, but a rise on that day suspended construction. The cotter was again pumped 
ont, so that the laying of masonry, placing of timber, and excavation commenced on 
the 26th of March. A rise filled the coffer-dam in tbe afternoon. 

From this time till May 23 six unsuccessful 'attempts were made to pump out. 
Finally, pumping was resumed on the 23d of May, and the laying of masonry was 
started on the 28th, and no interruption has ensued to the close of the report, (June 
16,1877.) 

The following is a summary of the progress upon the construction of this lock: The 
average height of foundation (from rock to level of miter-sill) is about 5 feet 8 inches. 
The work is complete to the miter-sill, except as follows: about one-third of the paving 
and 17 running feet of the cross-sills below the upper miter-sill; 10 running feet of 
wall under cross-sills above lower miter-sills, and these cross-sills concrete above and 
below the lower miter-sills; paving round lower miter-sills; 27 running feet of tbe 
cross-sills at lower end of lock; tbe timber and plank flooring in ttie tail of the 
lock ; and 14 miming feet of upper wing-wall. 

* The superstructure is built as follows: 

Upper wing , 26 feet in length at tbe bottom, stepping back to 16 feet in length at the 
top to reference (6'.5). [The top of miter-sill being at reference (0'.0).] Tnis wing is 
to be 40 feet long. 

Lotcei’ wing, (60 feet long,) to reference (3'.66) for full length, and to reference (7 / .0) 
for 20 feet in length. 

Land wall , to reference (4'.0) for 200 feet in length, to reference (6'.5) from head to 
outlet of flume, except one quoin-stone. 

Hirer wall , chamber aide, to reference (4'.0) for 200 feet, and to reference (6'.5) to out¬ 
let of flume. 

Hirer wall , river side, to reference (2'.83) for 70 feet from head, to reference (4'.66) for 
43 feet, aud to reference (6'.5) for 12 feet. 


DAM NO. 4. 


The bids for this dam were opened on April 5, 1877, and on May 1 the contract was 
awarded to the firm of Freeman, Richardsou & Fraser, of Watertown, Jefferson 
Connty, New York. 

They arrived in Charleston on May 11, and immediately proceeded to make prepara¬ 
tions for the exeention of the work. At tbe close of this report (June 16, 1877) they 
have buildings constructed for the accommodation of employes, for office and black¬ 
smith’s shop. They have leased the land between the site and the railroad-track; 
made arrangements abont quarries; commenced the stripping of the same; and have 
made arrangements with the railroad company to have a track aud transportation 
from the quarries to the site. Tbe grading of this track is complete. Timber for the 
first coffer-dam is iu preparation. 

This coffer-dam will include the space for the pier and about 120 ruuuing feet of 
pass. Excavation at the abutment site is begun. It is intended at this locality to dis¬ 
pense with a framed coffer-dam, as was done at the abutment of No. 5. 
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LOCK NO. 5. 

At the time the Annual report was made np for last year, (June 22, 1876,) work was 
impended in the lock-pit on account of a rise in the river and a break in the coffer¬ 
dam. This break occurred near the ’up-stream outer corner, and was repaired by 
placing au auxiliary coffer-dam on the outside of the break, aud banking outside of 
that A sketch (Fig. 1) showing cross-section of this coffer-dam is appended. 

Fig. 1. 



# Scale 1" = & 


The repairs commenced on June 27, and were not sufficiently advanced till July 6 to 
permit pumping to begin. On July 15 excavation was begun in the lock-pit, but the 
coffer commenced leaking badly on the 17th, aud about 75 feet of it gave way ou the 
18th. This break occurred at the upper eud, and the method of repair was the same 
as before. Repairs were not commenced before the 20th, and pumping not till 7 p. in. 
oo the 25th. Both these breaks were due to carelessness in the construction of the 
coffer-dam. The contractors were trying to get along cheaply, but found it expensive 
before they got through. 

For instance, on August 2 they had 18 nten excavating in the lock-pit, and 22 men 
repairing leaks; notwithstanding which the dam sprung a leak on that day,and had to 
be filled. Pumping was resumed at 10 p. m. next day, but the dam was again filled at 
midnight on August 5, on account of a rise in the liver and ajeak in the coffer, princi¬ 
pally lor the latter reasou, as the rise was too iusignificant to do any harm, had the 
eoffer been built with care. Pumping was resumed in the morning aud excavation on 
the 9th. Work in lock-pit was suspended August 14 by a rise iu the river. Pumping 
was resumed on August 2-1 and excavation on the 28th. 

From an examination made on September 8, when the rock was iu good part laid 
bare at the upper end of the lock-pit, it was determined to omit the concrete, timber, 
and plank within the lock-chamber below head-walls aud above the tail-walls. The 
bed-rock at the upper end was very slightly scaly on top, and no seams appeared which 
developed any leaks. 

The rock was uncovered at the time of this examination for abont 125 feet from the 
upper end of the lock. Below this several leaks were uncovered, but discharging out¬ 
side the limits of that portion of the lock chamber where the concrete, &c., was omit¬ 
ted 

The laying of the foundation was begun on September 8. A rise occurred ou Sep¬ 
tember 11, and high water prevented work in lock-pit till October 6. Stone masonry 
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was resumed on tbe 9tb, and tbe laying of concrete was commenced on the I2tb* 
was suspended in lock-pit on November 21 by a rise in tbe river. 

An attempt was made on tbe 28tb to pump out and resume operations, but« 
snow-storm on tbe 30th prevented, and tbe weather becoming cold all work for t 
sou ended on December 5. 

From December 5, 1876, to January 22, 1877, no work was performed at this lo 
The break-up of ice on January 12 did no damage except breaking braces andl 
lines and lettiug down the derricks. On January 22d work was ivsninud in they 
ries, and tbe pumping of tbe coffer dam began on February 21, aud the laying of iiiaf 
on the 27th. 

The rise on the night of March 9 caused the filling of the coffer aud the suspe 
work of construction. 

Pumping was resnmed on May 19, hut was suspended on the 21st by a rise. It | 
again resumed on the 25th and masonry was laid on the 28th. A rise on Jane 12 i 
the filling of the coffer. The water receding at once permitted the resumpti 
pumping next day. Masonry was laid on the I5tb, 16th, and 17th. On the *¥n 4 
latter day the coffer-dam was again filled on account of a rise. With rim tin ' 
report closes. 

The progress made in construction is as follows: 

Land wall. Foundation laid except about 30 feet of first course and about -10 f 
second and third courses. 

Upper wing-wall , built to 6 feet above miter-sill for 55feet in length : superstrae 
of laud-wall to reference (2'.0) for about 100 feet, and to reference 1 d'.b) fur 50 fort f 
head. [Level of mitcr-sill is reference (O'.O), from miter-sill to tuck about tu IT 
Upper gate-chamber. [From cross-sills at head of lock to include crusa-uiUlf 
miter-sill] is completed to the level of the mite r -sill. 

Lower gate-chamber. [From cross-sills above miter-sill to tail of lock } has iheup 
aud lower sills, the pivot-stones, and miter-stoue of miter-sill set, requiring con 
most of miter-sill aud the timber and plank flooring to complete 

Hirer wall. Foundation requires about 50 feet of second course and about 10(1 { 
third course to complete ; superstructure is built to reference (fi',0) throughout ! 
wall aud to reference (2 / .0) for about 50 feet farther. 

DAM NO. 5. 

When the last annnal report was rendered the excavation for the abutment had I 
commenced and a tram-road had been graded to the quarry, and the iron nearly* 
The excavation for this abutment and the laying of the tuiHunry was poif 
without a framed coffer, instead of which some of the material excavated was ( 
on the river side to form an embankment against the water. A comparison will 
experience at the lock (No. 5) shows that this method of embanking worked 
tbe area of excavation being small aui near tbe bauk. 

Tbe excavation was suspended on August 1 by a rise in the river, 

A slide occurred from the hank ou the 3d, which filled the excavation made. 

On this latter date excavation was resumed, but was again an upended by tlmi 
August 12. On the 22d it was again resumed. Again suspended by a rise on f 
her 9. Again resumed on October 5. Masonry was commenced on October IdJ 
rise of November 21 suspended work upon masonry, which, with the exception i 
work on the 28th and 29th, ended masonry-work for the season At that liinul 
seventh course above the foundation (reference -f- 14'.0) had been cinntncnceff 
puddling and filling back of the abutment had been carried up to refereue ■ { +10 | 
and a spur of the dam 38 feet in length was built to the reference , + s .u). 

The placing of protection and guy-cribs for the coffer-dam of tlm centra! [ 
commenced on July 20, and dredging for the same on September L The work 1 
this coffer-dam has been provokingly slow. At the close of the season of I8?fi i 
only been placed and tilled to about 3 feet above low water. Finns and s 
this coffer-dam are appended, (sheet No. 3.) 

Work in quarries was resumed on January 18. On January 25, as the wa 
receding after a rise of 23 feet, a slide of considerable extent occurred from fhe 
at the abutment excavation. A slide similar to this occurred nfl^r t be in , 

1876. Sheet No. 4 herewith shows the original section of the bunk, together 1 
sections of the bank both before and after these slides. The slides wi re dm« t»! 
stability of the lower strata, the equilibrium of which was destroyed by tb 
of the material at the foot of the slope. It was found that, when the iliui] 
the rush of water below the weir would wash out the gravel support tug the 
for some distance down stream, and thereby cause slides dangerous to the work 
To provide against this, it was decided to construct a crib-work dow n at) 
the abutment, resting upon the rock, the crib-work to be with in the line of th 
mcnt-face. The length of this crib, for the time, is limited to 150 fret, to j 
perience as to whefher it be sufficient or not. 

The crib has a width of 10 feet and a height of about 9 fret 
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The removal of the earth from the partially-constructed abutment commenced on 
Febrnary 15, and masonry was resumed on the 28th, and completed to the coping on 
March 23. 

The coping was set complete on April 28. The filling and puddling behind the abut¬ 
ment was carried np with the masonry. The filling above the abutment and the 
grading of the bank began on April 5, and is now in progress. 

The dredging for the crib-work below the abutment began on May 23, and finished 
Jnne 9. The placing of the crib was commenced on June 13, and on June 16 (the date 
this report closes) was in progress. 

The work on the coffer-dam for the pier has been carried on at intervals. 

Pnmping was attempted on June 7, but had to be suspended, owing to a leak in the 
coffer, which necessitated further banking on the outside. The stage of water since 
has prevented the resumption of pumping. 

SURVEYS, ETC. 

The survey in progress last year from the head of Lyken’s Shoal to Cabin Creebf 
connecting with last year’s line, was completed. A survey was then begun at Ben 
Franklin Furnace, 9,420 feet below site No. 5, and continued to the foot of Elk Shoal. 

A map was begun, on a scale of 1 inch to 200 feet, of the river from the head of 
Lvken’s Shoal to Davies’s Creek, nearly 4£ miles below Charleston. This map, which 
includes about 33 miles of the river? is now entirely plotted in pencil, the portion from 
Ben Franklin Furnace to the foot of Elk Shoal being complete. 

A series of observations for the discharge of the Kanawha above Elk, and of the 
Elk, were made on January 16, when the Charleston gange was reading about 35 feet. 
These observations have not yet been reduced. 

All of which is respectfully submitted. _ 

Thomas Turtle, 

First Lieutenant of Engineers, 

Maj. W. P. Craighill, 

Corps of Engineers , TJ, S. A. 


REPORT OP MR. A. M. 8COTT, ASSISTANT ENGINEER. 

U. S. Improvement of Great Kanawha River, 

Charleston t Kanawha Co ., West Va., December 27, 1876. 

Colonel: By direction of Lieutenant Turtle, the following report of operations at 
Red-Honse Shoal, daring the working season of 1876, is respectfully submitted: 

The work was resumed September 14, and completed on the 29th of November, sub¬ 
stantially according to the plan approved by your letter to me dated July 5,1876. 

The improvement of the chute at this place was begnn iu the fall of 1*875, and con¬ 
sisted principally in raising and extending the left side-wall, beginning near the head 
of the shoal. Seven hundred and twenty-five feet of the wall was built in 1875. This 
6eason it has been carried down 6S5 feet farther; 300 feet being built of stone quarried 
near the work, and the remainderof material dredged from the channel and “ banked ” 
on line of the wall. The stone-wall was built to correspond with last year’s work ; 
being made 8 feet wide on top, with front and back sloi*es of £ to 1 and 2 to 1, respect¬ 
ively, and carried up 6 feet aoove low-water mark. On the chute side, the stone was 
ronghly hammer-dressed, and laid in offsets. 

The top was well secured with large flat stone. 

The dredging done below this, besides serving to lengthen the side-wall nearly 400 
feet, made quite an improvement by widening aud straighteuing the channel at the 
foot of the shoal, the material being taken from a heavy gravel and bowlder bar that 
extended into the chute from 50 to 75 feet past the line of the new wall. 

The dredging was done by the Kanawha Board, the Government furnishing hands to 
grade and shape the material to conform to the wall. 

To build the stone-wall, about 630 cubic yards of stone, quarried on the right bank 
near the foot of the shoal, was used. The work was done by hired labor, at a total cost 
to the United States of $1,103.22. 

The object of the wall, as stated in yonr last annual rep(At, was to overcome a bad 
side-current, which was apt to draw tows out of the channel against the old chnte-wall 
or on the bar below. Several quite serious accidents occurred from this cause before 
the partial improvement was made iu 1875. It is thought there will be no more trouble 
on this account. Several tow-boatmeu who have taken out fiats since the wall was 
finished have expressed themselves well pleased with the improvement. 

Yery respectfully, your obedient servant, 

A. M. Scott, 

Civil Assistant. 

Col. Wm. P. Craighill, 

Corps of Engineers, U. S. A. 
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STATISTICS AS TO THE COMMERCIAL IMPORTANCE OF THE IMPEDT* 
MENT OF THE GREAT KANAWHA RIVER, WEST VtiiHlMA. 


Statement of the principal itetAS of farm.-proitoce t according to the ccn*mo/l&?iK 


Acres uf land, 


Unimproved. 


Counties. 


DotU, 

m m 
mo, i.vi 

771, ,>3 
(5,^4, 570 
300, 143 
313,054 

m m 

147 . Old 


Ih<*h 
11, 304 
50,214 
45, 587 
i is, saw 
a*, Mi7 
lt>, £41 
Su, ftsO 


Bu*h. 

3.003 

7 , TM 
7*0 

awe 

11.330 
I, ,331 

I. 31(1 


£u«*. 
i£ 1 , ftsiO 
10i, awi 
iofl, ev6 
450 , Olio 
i7o, ni 
101. 300 
:u. I3<t 
n «5T 


lilt*, 

u t m 

(W,W51 

43 . 4«4 

m m 

40, <M 

Mtsra 


Fayette 
Ortieii hrier 
Kiiuawljft . 
St*a»n ...• 
Mourne ... 
Nl i'll nt ua . 
Putnam ... 
Katrigh 


Potatoes. 


Ctmti Ilea, 


1A$*. 
6, 043 
55,740 
459 
smi 

43,744 


Got*. 
17 .<f 44 
1,302 
45 , ,M 7 

a, m 

H, 427 
13. 5-9 
iy + oil 
7 , Iffl 


Fayette 
G ri-eidirihr 
Kuna wjio . 
lluoon .... 
Jlt.Mircii' ... 
NiohuUs 
Turn am .„. 
KoK'ijsh.... 


Statement of Hue itock, according to the cctttUH of ISTO, 


Couotiefi, 


Dollar*, UnlUtr*. 
oi,5tu 

1-7, 175 I 3M, 83G 
111,047 A IA 

10I,4<1 i 514, A3* 
150, 4rM I 507, 05:t 
40, 507 | 185, 533 

70, 0 t!l | 7tr> 1. 0451 
til, iswi 110,184 


IM (iWl 

7'it,-* U# 
it i, *61 ; m 

mu: in* 

5, m 4 71 

lit,*, MO 
Ifil. M!VI *4* 
ft(, [ii t . 1,*4 
*i.W5. 


Fayette -. 

(1 TO«nbt li«r 

XutmvvIiiY . 

M imui. .... 
Monroe 
NfrTiolju 
Putnam ... 
Katun >+fi _ 


TIM UK If. 
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w 

& 



-S 

s 

i 

I £ 

O 

1 

8* 

jYo, 

No. 

No. 

u*. 

438 

U,(XH> 

0,7011 

is. sen 

40ti | 

fl. 7o;i 

la, ew 

31,051 

l r u:e 1 

4,011 


00, 457 

tf(J 1 

4 350 

!1, 

85 3 

a* i 1 

(> r H.^ 

11,317 

30,004 

334 

3,8*0 

8, 17L : 


m 

‘A fcH 

M31 

14, Ofl'i 

374 , 

i, 

h, 4(ii 

U£** 
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Creel?, Great Kanawha and tlio^e of its branches emptying into it below the falls, and 
the Gnyandotte and Big Sandy Rivers, the oaks, poplar or tulip tree, walnut, cherry, 
sycamore, ash, chestnut, and locust attain a size not surpassed on the North American 
continent east of the Rocky Mountains.” 

To this we may add that the oak, poplar, and chestnut seem to increase in size south 
of the Great Kanawha. Gigantic poplars are reported reliably from that district 10 

aud 11 feet in diameter, and oaks G and 7 feet. 

• • » * • * # 

On the eastern border of the State, the only development taking place is in the white 
pine along the Green trier River, and this is carried on by a single company. 

The Saint Lawrence Boom and Manufacturing Company, controlled by Pennsylvania 
capitalists, of which Mr. Cecil Clay is president, has a charter for operating the river, 
slid is engaged in improving its navigation. The spring-floods now give them water 
eimngb to run rafts of 100 to 150 feet in length. 

Logging can be done very cheaply in tins country, f r the surface is smooth, and 
snpplies for men and forage for teams are abii ulant around the camps. 

The timber region can readily hn reach d from the Chesapeake and Ohio Railroad 
from Milllwrongh, Covington, or Rmiceverte. This latter place lias, according to Mr. 
Clay, fine natural ad vantages for the concentration of t ie lumber busines-i of the Green¬ 
brier Valley. Timber can be had in the river suited for the manufacture of cars, wag¬ 
ons. agricultural implements, furniture, wooden-ware, pump-stocks, and for planing 
purposes. Lumber can be delivered in Cincinnati so as to compete with the Michigan 
j»iue. ami in Philadelphia so as to cost less than the Penusylvauia timber. A large 
market can be had both ways. 

The Saint Lawrence Boom and Manufacturing Company has a paid-op capital of 
$60,000, which is increased as needed, aud owns and controls 100,000,000 feet of white- 
pine timber in Greenbrier and Pocahontas Comities. Ir. has a boom of several millions 
<if feet capacity, and uses splash-dam * and tramways in its logging. In times of or¬ 
dinary pr sperity a good business might he doue in square timber, oak, &c. Mr. Clay 
thinks that there are several million dollars worth of timlier standing on the Green¬ 
brier Kiver. He says that they are now offered $42 per thousand, Michigan inspection, 
for timber delivered in Philadelphia. 

On the headwaters of the Elk and Ganley nothing has been or is being done to 
develop that liea* ily-timbered section. Webster County has sent some logs from her 
western borders down Elk. 

> • • « • * • 

A company of enterpri>ing Pennsylvanians, with a capital of $:100,000, are now en¬ 
gaged in developing fc0,000 acres of land in Biaxton and Webster Comities, with saw¬ 
mills, planing-inills, and bu-iness headquarters at Charleston, on the Great Kauawha. 
One of the first ojwrations of this company was the shipping by river to Parkersburg, 
and thence by rail to Baltimore, 10,000 teet. of black-walnut plank, wh cb, notwith¬ 
standing expensive freight over a distance of 6^0 miles, yielded a handsome profit. 

• # « <» ft • • 

As an illustration of the excellence of the Ohio River timber, we may mention the 
fact, stated by Mr. C. T. B^all, of Mason, that the brig S oners, distinguished in the 
Mfxicau war, was built at. the mouth of the Kanunha, by the Gilmores, of Mason 
futility Intnber. When this vessel was docked, some eight years ago, her timbers were 
found to be sound. 

* * « • * • * 


On the Kanawha River the principal development of timber is from the mouth of 
Elk downwsrd. Colonel Byrne says of the business on the Kanawha and its tributa¬ 
ries: 44 Elk River ds out $100,000 worth of logs, cut by nulls at aud near Charles¬ 
ton, either for use there or for shipment down the river. The white and black oaks 
arecbefly maun factored into sal -barrel staves, for use in the vicinity of Charleston. 
The mills there have a capacity of producing 1,000 barrels per day. The poplar, ash, 
chestnut, walnut, aud other kinds are chit-dy manufactured iuto boards, pinuk, aud 
Hcamliug at Charleston for the Cincinnati and other markets on the river, after sup¬ 
plying the home-market. Besides the log*, Elk semis out a large limnlior of coal-boats 
($20,000 worth) for use in shipping coal and salt from the Knuuwba River. The man¬ 
ufactured value of Elk River timber, t. e., boards, staves, hooit-poles, &c., is at least 
M-0,000. 

“The Great Kanawha, from the falls down, must produce as much lumber in the 
shape of logs, staves, hoop-poles, boards, and ship-timber as the Elk, or $150,000.” 

Pocatali- o and Cpal Riv« rs contribute largely t » this produce of the Lower Kanawha, 
PocataTco sending probably $20,000 worth. Coal River sends ont some tine walnut, 
which goes to Europe. The 'Lower Kanawha sends out some tine oak timber for ship¬ 
building, and a good deal of pine. At aud near the Falls of ihe Great Kanawha, and 
on Laurel Creek, a considerable business is done in cooperage stuff and sawed lumber, 
perhaps $100,000 worth. Westward to Hinton hardly auytbiug is done. At Hinton a 
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good dr al is done. Borne staves are, according to Mr. Clay; floated down from up New 
River, caught at HintoD, and shipped by rail. 

Mr. J. 8. Thompsen s^vs of the timber-trade of Hinton : “Quite a large trade wear- 
ried on herein the lnmbr-r business. Large quantities of pip -staves of oak are shipped 
by ra 1 to the East, aud several thousand walnut logs have been shipped, both to the 
eastern markets and to Europe, from the conntv within the last eighteen months. There 
is a large saw-mill at this point, owned by N«w York men, who ship pine (of a line qual¬ 
ity) lumber, a'so shingles, laths, &e. They deal extensively also in poplar lumber, a d 
furnish the Chesapeake and Ohio Railroad with railroad-ties.” 

TI1E COAL-FIELD. 

Tho most important coal region in America is the Appalachian coal-field, which k 
says Rogers, *• almost the largest expanse of continuous coal-measures in the worl *. It 
possesses a length of H75 miles, and a maximum hivadth between its eastern « ntcrop in 
Southern Pennsylvania and its wes'ern iu Northern Ohio of alwnifc 180 miles.” It ex¬ 
tends from Northern Pennsylvania to Middle Alabama, parallel to tlic Appalachian 
Chain to tho east of it. Ir.s coals are hotter than those of any other field in America, 
aud, save anthracite, aro of every kiud necessary to the arts and manufactures. Its 


area is made up as follows: 

Square mtteft. 

West Virginia..16, (D» 

Pennsylvania.12, ?W> 

Ohio. . 

E istern Kentucky. 8,900 

Alabama. 5,000 

Tennessee. 5,100 

Maryland. 5T-0 

Total. 58,250 


Of these, the amounts for Pennsylvania and Eastern Kentucky are the result* of 
careful surveys, while the others are estimates takeu from the best and latest source#. 
By the United States census ol 1870, these States mined the following tonuage: 


Tom. 

Alabama. 11,000 

Kentucky. 150,000 

Mary laud. l,H19,fttt 

Onio. 2,£27,2tf 

Pennsylvania..'. 7,798,51* 

Tennessee. 133,41* 

West Virgiuia. 


Total. 13,048,923 

Th*se tables therefore show that while West Virginia embraces (in round number#) 
nearly 28 per cent, of the coat-area, it produces only 5 per oeut. of the coal mined 
therein. 


• » • # * * * 

Let us now examine the number of coal-seams. 

To do this so as to he the more fully understood, the coal-strata can be divided into 
four great geological divisions, viz: The Lower Conl-Mensii'cs, resting upou the Great 
Conglomerate, containing very many important and valuable coal-seams, and having a 
thick bed of sandstone called the “ Mah.ming ” ns its upper limit. 

The Low er Barren Measures, composed of reddish and bluish shales and slates,sand¬ 
stones and limestones—the latter iu some parts of the State Very important—usually 
destitute of workable coals, and terminating at the base of a valuable aud persistent 
coal-seam known as the “ Pittsburg.” 

The Upper Coal Measnres, containing several important coal-seams, of which the 
“Pittsburg” is the lowest. 

'The Upper Barren Measures, composed of sandstones aud shales, nearly destitute of 
coal. 

There are geographical divisions in the field that should be noticed, for in several cases 
ridges parallel to the eastern margin of the basin make the*r appearance, and are cum- | 
posed of Bubcarboniferous strata, which separate one coal-basin from auother, and | 

form well-marked boundaries thereto. 1 

• * • * * • • 


TOE NEW AND KANAWHA RIVER COAL-BASINS. 

We now come to that district of the State which, by reason of the variety of Its 
coals and number of its seams, is to be considered one of the most valuable portions 
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of the Appalachian coal-field, and has helped in no little degree to give \Ve9t Virginia 
the reputation it enjoys of being one of the richest of the States in the Union in this 
great element of civilization, wealth, and prosperity. For this reason it has a peculiar 
interest to ibe capitalists, while, from a geographical point of view, the great develop¬ 
ment of the coal-measures is very important. 

Goiug back to a pre-carbonaceons period, it wonld seem that this section was a deep 
basin, constantly settling down and being filled up, while the northern portion of the 
State was nearly stationary. 

As an indication of this, It may be noted that the Vespertine formation at Western 
Portion the Pototuac, is, according to Professor Rogers, 200 feet thick, while in Green¬ 
brier it is 800 feet. In this latter measurement he seems to have taken no notice of 
some 300 feet of rock that justly belong to its upper por ion. In the north, at the same 
place, the Umbral (or snboarboniferous) limestone is 80 feet, while in the Greenbrier 
Sloautain, in Pocahontas, he gives it as 822 feet. Oi the Potomac the Umbral shales 
are 838 fact, versus 1,260 feet in the above-men toned locality in Pocahontas, and the 
indications tue that all three of these still increase in thickness as we come south to¬ 
ward New River; so that at Hiutou they may be taken as aggregating 3,500 feet, versus 
1,128 feet iu the north. 

Continuing on np in the geological column, the Conglomerate is 150 feet thick on the 
Potomac and on New River, according to Prof. William M. Fontaine 1,350 feet, including 
the Passage Rocks, while 400 ft-et takes in the Lower Coal-Meat-ures in the one case mid 
1,340 feet about embraces them on the Kanawha. Fiually, in the north, the Lower 
Barretts are 400 feet against 700 feet in the south. 

By an addition of these figures, and dealiug in round numbers, we see that while 
2,000 feet of strata w'ere forming on the Potouuic or Northern West Virginia, some6,840 
feet were being de|>osited in the New River and Kanawha region, or, in other words, 
during this period the latter sank abont 4,840 feet more than did the former. 

It is to this that we must look for an explanation of the presence of various anti¬ 
clinal axes in the north and their absence in the south. 

As this depression took place the strain o< tension of the rock-beds on the eastern border 
of the basiu increased in a direct ratio with the amount of the subsidence, so that the 
less the latter the less was the former, aud it is a self evident proposition that the less the 
tension the greater wonld be the force necessary to break the rocks asunder. There¬ 
fore, when tlie great thrust or press on the strata from the east came into effect, it 
found the strength of the beds on the eastern border of this southern basin so much 
impaired that it crushed up the formations adjacent thereto, breaking them into a num¬ 
ber of faults of great magnitude, which extend along the southern bonier of West Vir¬ 
ginia and are nearly co-extensive with this depression and its prolongation southward, 
while in the north the rocks, not being iu this very tense state, were not broken, but 
file AUeghaniea and the country to the west were thrown into a series of folds, which 
liecome less and less abrupt as they would naturally do the farther and farther we get 
from the primary force. 

The gradation of fanlt* to folds is well seen in the most westerly of the former, 
which passes just west of Peter's Mountain in the southern part of the State, and is 
seen near Caldwell's Station, in Greenbrier County, at the Chesapeake and Ohio Rail¬ 
road trestle over Monroe Branch. Iu the former place it brings the Silnriac rocks 
against the Vesj»ertine, while in the latter it becomes so small that only the highest 
luembers of the Devonian abut against the Vespertine. 

From this we can see that as tde strata were elevated along this most western fault 
their Hank wonld raise the couotry to the west as a whole, and give it a gradual slope 
at right angles to theliueof elevation, and as the latter was northeast and southwest, 
so the funner would he norrhwest. This is'really the case, f»r from this range on the 
eastern edge of the Greenbrier to the Oh o River the formations have one continual 
northwest down grade, save here and there where they become nearly horizontal, and 
there is no good evidence after we get away from the immediate vicinity of the fault 
that a single reversal of dip conies in during the whole distance. In the eastern por¬ 
tion of this vast extent of territory, denudation and erosion have carried off the upper 
strata, aud east of Little Sewell all of the Lower Coal-Measures have disappeared. 

Going west, the rocks dip faster than the plane of erosion, and thus we get success¬ 
ively into higher and higher strata, so that Gauley Mountain is sufficiently high to 
catch nearly all of the lower coals. 

Below the Kanawha Falls, the dip still continuing, the Conglomerate passes out of 
view. A short distance west of Charleston the Lower Measures in their turn sink be¬ 
low water-level, and near Pocatalico, some 14 miles farther on, the highest member of 
the Lower Barrens is lost to sight as it goes beneath the bed of the Kanawha. 

Between these extremes of gently inclined formations in thesonth and folded strata 
in the north must be an intermediate area, where the one passes into the other. 

As the depression of the southern basin became less and less as it went northerly, 
the tension, and therefore the canse for the faults, diminished, so that somewhere abont 
opposite Huntersville, in Pocahontas, this system begins, to ce$se, and north of a line 
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drawn front tbe northeast corner of Greenbrier to tbe northern part of Peasants the 
strata commence to appear in folds, aud as we proceed toward tbe Pennsylvania line 
aud away from tbe modifying influence of tbe faulted country, so these amiclin&U 
become more and more marked. 

NEW RIVER COALS. 

Iu Mercer County, in tbe valley of tbe Blue Stone River, are extensive beds of bitn- 
miuons coal which would seem to belong to tbe subconglouierate measures, and are 
here developed to a greater thickness than in any otheV portion of the State. The 
examinations in this county have not be-u sufficiently in detail to enable us to state 
the number of tbe seams, but. it may be mentioned that tbe thickest, oue reported i* 
11 feet, although nothing is sai 1 as to the amount of clay partings iu it. 

In Summers County, in the bills on the opposite side of New River from Hinton, a 
(Moot seam of coal has been opened some ^00 feet above the stream, and indication* 
would scent to point ont that it is tbe same as tbe seam presently to be spoken <»f a» 
worked at Quinnimont. 

A carefully observed section of the strata on New River was made by Prof. William M. 
Fontaine, at Quinnimont, and on Piuey River, 2 miles below. The oliservations were- 
beguu at tbe former place at the base of the hill for the sake of obtaining as tuncii as 
paa&ible of tbe umbral shales. As the strata dip westerly. Nos. 1 and 2 of these are 
carried below water-level, so that at Piuey tbe foot of tbe bill shows only tbe bottom 
of No. 3. 

Tbe measurements ma r ked “not seen ” were obtained from*observations elsewhere, 
or were given by Mr. S. F. Morris, tbe engineer at Quinnimont. 

Umbral shales. 

Feet 


1. Red shales, thinly laminated, visible. 50 

2. Gray calcareous sandstone. 20 

3. Variegated shales, with nodules of carbonate of lime uear tbe top. 70 

Total for umbral.140 


Transition strata or passage rocks from the umbral to the conglomerate series. 

Fe«* 

1. Thinly laminated gray flags and calcareons shales, with impure coal near top .. 50 


2. Black fissile slates and sandstones. 

Total for transition... 70 


Conglomerate series on Pineg. 

TttL 

1. Lower conglomerate.... 80 

2. Black slate wi h H foot coal-bed (not seen). 11 

3. Olive-colored marly tea passing into olive aud reddish sandstones. 10J 

■ 4. Coal and slate 1 ft. *0 inM * 

Sandstone S “ 8 “ I 

Coal 0«8“i . 13 

Slate 2 “ 6 “ | 

Coal 0 “ 8 “ J 

5. Bright red shales aud marly tea. 30 

fi. Vai legated marlytes. 40 

7. Ferruginous limestone. $ 

8. Sandstones. 75 

9. Coal system with interstratifications of thin coal aud slate at base, 

and on top sandstones, shales, and flags. 80 

10. Fine gray flags, and sandstones. 90 

11. Coal, not fully seen. 2} 

12. Firm gray sandstones. 50 

13. Olive marly tes. 40 

14. Coal system at bottom ; interstrotideations of slate aud coal, 1 seam, 

1 foot; on top, flags passiug into firm sandstones. 80 

15. Fire-clay aud 1-foot coal-seam imperfectly exposed, given as 2 to 4$ 

feet of impure splint coal... 2to4j 

16. A thick mass of strata not fully exposed at every point; may be divi¬ 
ded as follows: (16a) sandstone, 50 feet; (16 i) coal-seam not seen, 
given as 2 feet; (16 c) bluish sandy slates, 60 feet; (16 A) coal not seen, 

given as 20 inches; (16 e) olive-gray sbaly sandstoues, 40 feet; total... 150 

17. Quinnimont coal series, which is made np of splint coal at bottom, 1 

foot 2 inches; fire clay, 24 feet; semi-bituminous coal, 4 feet; total .... 7 
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Feet 

18. Dark bio© slat© and sandstones. 80 to 100 

19. Olive-gray sandstones and shales.- .... 100 

20. Black slate, with some thin coal... _ 10 

21. Upper or great conglomerate. 150 to 200 


Total for conglomerate series... 1,195 


The coal in No. 20, as seen at Quinniuiont, is only 6 inches on the ontcrop. In Feb¬ 
ruary, 1875, it was opened, and the first 8 feet down increased to 3 feet, and was still 
improving when this thickness was measured. It cokes well, aud when lieated in a 
pipe in a smith’s forge gave a dear white bright light in such quantities as to suggest 
a good gas-coal. 

The 4-foot seam of No. 17 is the most important of this section, being tbe one where 
the Q linniiaont furnace draws its supply of fuel. It is 1.0S5 feet above New River. 
The coal is a semi-bituminous, very soft and friable, and makes a most superior coke, 
not being excelled by even the celebrated Connelsvillo coke of Pennsylvania. It is 
al*n a most excellent steam and domestic article, making a very hot red fire. 

The great conglomerate nsnally forms the tops of the mountains facing New River. 
As we go back into the country, on each side a second range of bills very soon appears, 
and in these will he found more coals, which though usually accredited to the con¬ 
glomerate series, in reality belong to the lower measures. In the viciuity of Raleigh 
Courfc-Honse, southwest of Quinnimont, on Buckly’s Mill tract, is seen one of the Liwer 
beds of tbis latter, which measures 6 feet 2 inches, of soft and very pure bituminous 
coal with shale overhead. 

It is seen agaiu on Loup Creek, 15 miles from tbe coort-honse, on the Fayetteville 
road, at MeCoy’s bank, where it measnres 4 feet 10 inches in the breast, and (> feet on 
tbe outcrop. In neither place are there any partings, and it is a most valuable seam, 
for the most part underlying the whole of the Raleigh plateau. Borne distance ah >ve 
this, and About 200 feet below the tops of the hills, at the head of one of the hollows 
of Big White Stick, occurs a 4|-foot seam, with no parting save about 1} inches of 
c»al-dirt, and sulphur 1 or 2 iuches from the roof, which is shale. Continuing in a 
southwest course from here, the R ileigh plateau gives out. and we descend into the 
valley of the Marshes of Coal, which, cutting far down into the conglomerate series, are 
marked by an absence of any workable seams, till we cross over to the Gnyandotto 
aud Cherry Pond Mountains, on the borders of Wyoming and Boone, in the upper por¬ 
tions of which th«* Lower Coal Measnres and their included seams again ipakc their ap- 
pearauce, and on Gravel Hollow of Peach Tree Creek, near the juncture of the two 
ranges, fonr seams hr longing to this series have been seen and measured. No. 1,3 feet; 
No. 2. 2 feet 8 inches; No. 3, 3 feet 3} iuches; No. 4, 4 feet; all free from partiugs, and 
containing an exceeding pure though friable article. The distances between Nos. 1 
aud 2, and Nos. 3 and f>, are each about 50 feet; that between Nos. 2 and 3 was not 
ascertained. Several hundred feet above No. 4 and the gaps in the mountains, first a 
12-foot aud above that a 4-foot seam have been reported. 

The deep valley position of the headwaters of Coal River is not fully appreciated, 
nnt 1 the observer stands ou the mountains last mentioned, whore, beiug some 2,000 
feet above the streams below, he has the whole conntry spread at his feet, ami sees 
that tbe piatean of Raleigh Court-House forms a high eastern rim of the Marsh Fork 
Basin, aud is far above its level. While lookiug across this, he can note the conntiy 
rising into White Oak and Flat-Top Mountains, over which, so great is the elevation of 
the observer, can be distinguished tbe bine outline of Peter’s Mountain iu Virginia. 

Passing from this point, iu a west southwest direction into Wyoming and McDowell 
tbe bills become lower than the Guyandotte Mountains, though still high enough to 
contain not ouly the conglomerate series but a portion of those above. This country 
is accredited with seams as thick as 12 feet, but there are no reliable observations to 
jastify more tt>an a mere mention of this fact. 

Returning now to Qninuimont and proceeding toward the tier of hills back from the 
river, the same seams observed in the Raleigh plateau ought to be fonud. However, 
as they have never been examined their thickness is a matter of conjecture, but as Big 
Sewell Mountain has a far greater height than the region immediately to the south¬ 
west of the river it will contain a good deal more of the Lower Coal Measures, aud 
hence more seams may be expected. 

Continuing northeast into the western part of Nicholas and into Webster tbe gen¬ 
eral elevation of the country is below Sewell, consequently the hills contain only lower 
strata, and the hill-tops west of .the forks of Cherry River are made up of the conglom¬ 
erate, all the upper coals having been denuded off; and oa Hominy, Cherry, Cranberry, 
Williams, and the heads of Ganley and Elk Rivers are to be found only the conglom¬ 
erate coals, very thin and very unimportant.* 

Resuming the northwest line of examination the New River Basin becomes more 

*Tbe largest seam that we know of in this region is 3 feet 7 inches. It is seen on 
Panther Run of Gauley River near the bridle-path from Kentucky to the Promised Laud. 
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shallow, and tbe 8 f rata begin to feel the effects of the dying out of the faults and tbe 
beginning of tbe folds ou the .eastern border of the State, and we notice that they be¬ 
come more tilted, so that when we reach Kicb Mouutain, in Randolph, they are very 
much steeper than when seen on New River. 

This line of observation from Wyomiug to Randolph lias been ohosen because it is 
about the eastern edge of tbe Lower Coal Measures, while that of the conglomerate 
series may be said to be a line joining Rich Mountaiu and Flat Top. 

Returning now to Qninuimout the course of observation leads us down New River. 

To better appreciate the dip of the strata as we go west I will, whenever possible, 
refer to the one horizontal line of tide-water, so that it will be plainly seen how any iu- 
dividual stratum l>ecomes lower and lower. 

In some cases these figures will not be exact, but very close approximations, not 
varying more than 15 or 20 feet from reality. 

About 16 miles by railroad below Quiuuimont, in tbe bill opposite Dim mock Station, 
two seams have been exp sed. By aneroid measurement they are 437 and 70:} feet, 
respectively, above New River, and both iu the conglomerate series. Tbe first by tbe 
side of tbo path going up the hill is 4£ feet thick, with no partings and a very ]>wv 
aud fine bituminous coal, much harder than tbe average New River coals. The second 
one is a few feet above tbe level of Rush Creek, which mouths at Dim mock, measures 
5 feet of clear coal, ami was worked by Cary Bibbs. 

Twenty miles from Quiuuimont, by the railroad, at tbe mouth of Ephraim’s Creek, 
the following seams were op..ued by J. A. McGutfiu, esq., superiuteudaut of the Lmg- 
dale Coal and Iron Company. 




1,090 ' 0 ■ New River leVel... 

1.555 ! 535 ) No. 1 sewm. 

1.055 1 615 ; No. 2 seam. 

1,695 j 675 No. 3 hhmiu. 

1,707 687 No. 4 seam. 

1. 807 787 No. 5 twain. 

1.907 8e7 No. C seam. 

2.135 1,115 < About the top of tbe great conglomerate 

2, 185 1, 165 j No. 7 seam .... 

2,375 1,355 No. 8 (beam. 


ThkkwMof 

seams. 


M' Iuktt. 

**“2!.ft 


2 « 

1 I U 




No. 5 of the table is the seam worked at Quinuiuiont, but here dwindled to 21 feet. 
At that place it is 2,250 feet above tide, while here it is ouly 1,807, a dip of 444 feetiu 
a straight line of 10 miles, or 44 feet to the m le. 

No. 7, the first seam of the Lower Coal Measures, is theo* ly one worked at this plre. 
The miue is about a mile farther down the river aud a quarter of a mile above Sewell 
Depot, and shows at that place an average thickness of 41 feet, yielding a very milt 
aud tender coal that makes a most excellent coke, which is used l>y the Lougdule Coal 
and Irou Company iu their furnace at Longdale, Alleghany County, Ya. The tiia 
opening on the seam was at the place noted iu tbe sectiou, but a nipping down of the 
roof caused au abandonment of the work. 

Ten miles below Sewell, at Hawk’s Nest, on tbe land of tbe Gauley Kanawha Coil 
Company, the following partial section has been made: 


■8 5 

T3 

5! 

w* 

Feet. 

Feet. 

751 

0 

928 

177 

1.351 

600 

1,729 

97s 

1,929 

1,178 

2. 079 

1,328 

2,163 

1,412 

2.220 

1, 469 

2,353 

1,602 

2,363 

1,612 


Thfelnm 
ot vuau. 


It »■ 

Level of New River.. 

No. I eeam. about... * • 

Top of conglomerate on east side of Mill Creek.... 

No. 2 seam, bituminous... ® 

Na 3 seam, splint (?). 3 ta 4 W*- 

No. 4 seam. 4 ? 

No. 5 seam, splint and cannel. W • 

No. 6 seam.. 3 6 

No. 7 seam, splint... * * 

Black Fliut Ledge. 
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In comparing this with the section at Sewell, the top of the conglomerate falls from 
2,13ft feet to 1,351 feet, or, as the straight line measured in the dip is between 8 aud 9 
miles, so the dip will be between 97 and 85 feet per mile. This has brought the con¬ 
glomerate so low that Gauley Mountain, as it rises above, catches 1,000 feet of the 
Lover Coal Measures. 

Seam No. 1, seen on the railroad goiog up Mill Creek, is the Qninnimont, that has 
dipped from an elevation of 2,250 feet, at the place whence it derives its name, to 928 
feet at the present point of observation. 

S*ani No. 2 is the one now operated by the Ganiev Kanawha Coal Company at th* 
head of West Lakes Branch, a fork of Mill Creek. It produces a very hue and pure 
hard bituminous coal, and has four partings in it, measuring 10, 3, 3, and 5 inches 
respectively. These vary in different parts ot the miue, some of thnni getting tbiuner 
as the work is carried to the northwest, till, on the other side of the mountain, the 
company’s engineer reports that the ream shows 9 feet of clear coal in one bench. 

Nus. 3, 4, and 6 have not been worked at all. No. 5 was opened for the sake of its 
cannel, which is of a very poor quality. Beginning at the floor, this seam shows: 
Coal, 2 feet; slate, 2 inches; coal, 2 feel; slate, 2 iuches; coal, 10 iuches; slate, 2 feet 
10 inches: coal, 2 feet. 

No. 7. The opening on this shows magoifieeut splint, having in it 17 inches of bony 
or had coal. 

The Black Flint Ledge, which is nearly at the monntain-top, has usually been 
taken by myself and ofch-rs as the top of the Lower Coal Measures, which would, there¬ 
fore, have a thickness of about 1,000 feet. 

To do this, however, is wrong, tor on ths Kanawha, in the vicinity of Paint Creek, 
at least 200 feet of strata that coutain valuable workable beds come above it, and 
shove these appears the Mahoning sandstone, which, 0 miles above Charleston, at Mal¬ 
den,* is 140 feer thick according to Prof. \V. B. Rogers, so that to the measurement at 
Hawk’s Nest oold he added some 340 feet before the lower barrens would be reached, 
making the Lower Coal Measures of this country 1,340 feet thick. 

lu the section given for Hawk’s Nest not all of the coals of the Lower Coal Measures 
are showu, hut only those which have been exposed and measured by the company 
work ng the property, and these show no less thau six woikable seams, with an ag¬ 
gregate thickness of 30^ feet of solid coal, exclusive of partings. 

Continuing our observations down New River and into the Kanawha Valley, we see 
the conglomerate sinking lower and lower till, At Kanawha Falls, it is but a short dis¬ 
tance above the stream, leaving all the mountains »ising atmve made up wholly of tt»e 
Lower Coal Measures; and a short distance below Loup Creek it sinks below the water- 
level to rise no'more until the north western margin of the Alleghany basin is reached 
in the State of Ohio. 

THE KAKAWHA COALS. 

The main body or principal thickness of the lower coals may be said to bave tlieir 
practical eastern margin in Ganley Mountain; far beyond this the strata rapidly riw> 
above the hills aud are lost in the air, leaving only the lower seams, as found in the 
Raleigh plateau and the adjacent country. A liue drawn from the month of Elk 
River in a northwest direction passing near the mouth of Big Otter, iu Clay County, 
is the general western boundary, for the Mahoning saudstoue comes down to the water- 
level ou or about this course. Throughout the whole of the distauce across this a ea 
are to be found various seams of the very finest qualities of splint-, cannel, and bitu- 
ininons coals. The steep hill-sides readily expose them. The country is cut and counter- 
cat in all directions by numerous streams, up which narrow-gauge railroads can be tun 
with the moat favorable grades. There aie no faults to seriously interfere with the 
operations of the coal-miner, and the merchant and manufacturer can find every class 
of fuel, save anthracite, that they may need for the use aud comfort of mankiud. 

In no other part of the Appalachian coal-field are the Lower Coal Measures developed 
to such an ex ten % contain a greater number of workable seams, or more varieties of 
coals, or better or purir fuel. 

After leaving Hawk’s Nest, the next important disclosure has been made by the 
Cannel too Coal Compauy, 9 miles below the Kanawha Falls. 

A partial section of the hill shows 7 seams above water-leveL Beginning at the 
river: 

Seam No. 1, bituminous eoal, is 4 feet thick, hut not worked. 

*At fcbi* pla*e the Mahoning rests on flint, showing that as we come west the inter¬ 
mediate strata give out. Whether the reverse of this is true as we go east toward 
tbeHaw'k’s N*st is not known, as there are no data from which we can reason, f »r tlie 
Mahoning is everywhere above the tops of the hills. In fact, the sections in the vi¬ 
cinity of Paint Creek are not sufficiently in detail to enable us to say if it is found 
even there, ami fature observations may show that the strata between it and the flint 
are even thicker thau have been given. 
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Seam No. 2, some 100 feet above the river, is abont * feet thick oa the average; has 
two slight partings, and produces a gas-coal of so high a grade as to make it rank one 
of the most valuable seams of the Kanawha Talley. This same bed is worked just 
across the river by the Coal Valley Coal Company. 

A half mile below Caunelton it is opeued again, hot not worked, and shows 6 feet 
inches, with 3 iuchesof shale 2 feet from the floor. 

Seams Nos. 3 and 4 are seen on the path leading from the old opening on No. 2 to the 
“ Stockton Seam n No. 6. They measure 3| and 4 feet on the oat-crop, and have never 
been worked. 

Seam No. 5 is splint coal 5 feet thick, and not worked. 

Seam No. 6 is H or 9 feet alx>ve No. 5, 750 feet above the river, and 1,350 feet above 
tide. On an average it is 7 feet thick in the mine, and is made up of cauuel coslat 
the bottom, which averages abont 3 feet 6 inches, and i*« very variable, and asplinty 
bituminous coal, known iu market as “ Canuelt m Splint," on top. • The who'e seam is 
now worked, though for a long time only the cannel was shipped. This ami Peytona 
ctnnel quote higher in the eastern markets than any other American cannel. 

The Black Flint Ledgj is 12 to 14 feet above No. 6, or 767 feet above tli* river, a till 
1,307 feet above tide. 

Seam No. 7 shows 8 feet thick near the month of the opening, with 14 inches of slats 
10 inch s from th« floor, leaving 6 feet of clear coat above. This last is a mixture of 
hard bituminous and splint* yielding a tirst-class article for steam, domestic \vauU,and 
use in the raw Btate in the biast-fnrnace. 

A recapitulation of these seams shows that there is here above water-level— 


Feet 

No. 1. 4 

No. 2.-. 7 

No. 3. ^ 

N >. 4. 4 

No. 5. £> 

No. 6. 7 

No. 7. t* 

Total..*.3t*f 


including the porting-*, which are small. 

Paint Creek empties into the Kanawha, from the south side, 5 miles l>elow Cannel- 
ton. In the hill at the mouth of the Left-Hand Fork, about 4 miles from the river, 
the following section was made iu 1873. The height above tide is obtained by allow¬ 
ing Paiut Cieek a fall of 20 feet per mile, and adding the result lor 4 uiiles to the ele¬ 
vation of the mouth of the creek, which is 570 feet above tide : 


Height above 
tide-water. 

1 © 

> . 

•2 © 

tf v 


1 Thickness of 
seams. 

Feet 

Feet 


1 

«:>o 

0 

Level of Paint Creek at the mouth of the left-hand fork. 



40 


2 feet 6 iocks 

70-2 

r»-2 

Seam No. 2. 

3 feet. 

713 

63 



74-2 

9*2 

S.-am No. 4........ 

3 feet 6 inches. 

mi 

113 

Seam No. 5. 

2 feet. 

■ns 

128 

i Seam No. 6..... 


►57 

207 

Seam No. 7... 

Outcrop. 

►92 

24 *2 

Seam No. 8. . 

Our-crop 

950 

300 

Seam No. 9... 

Out-crop 

959 

309 

Seam No. 10.*. 

Out-crop. 

997 

347 

Seam No. 11...... 

OoVc op 

1,0*20 

3;o 

Seam No. 1*2.. 

2 fret 6 inches, 

1.037 

377 

Seam No. 13.......... 

Out-crop 

l.OsO 

420 

Scam No. 14... 

6 feet. 

1,113 

453 

Seam No. 15. . . . . . . 

3 feet 6 India 

1. If,6 

506 

Seam No. 16. 

11 feet 4 inches. 

l, vos 

548 

Seam No. 17 ... 

4 feet. 

l. 274 

614 

Seam No. 18 . 

4 feet. 

1. 285 

625 

Pluck flint Ttiili'A 


1, 295 

635 

i S-am No. 19 . ..f. ... 

3 feet 6 inches. 

1.317 

657 

| So«»m No. 20 . 

2 feet. 

1.341 

691 

Seam No. 21 . . 

Out-crop 

! 

1, 024 

974 

Top of hill . 



Total thickness, including partings. . 

51 fee 110 lochM- 
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There are in this 8 seams 3 feet thick and over, measuring 38 feet 10 inches, includ¬ 
ing the partings that maybe present. The next section is made 5 miles below the 
month of Paint Creek, on the land of Col. William Dickinson, opposite Coalburg. It 
is complete, showing every seam in the bill. 


|s 4 s 

** I 

I 


3s 


«> 

i?ja 




CJ 


563 ‘ 

0 

s* i 

26 

m 

45* 

6 6* 

63* 

655 ’ 

iht 

5-51 1 

1** 

733* I 

170* 

819 , 

256 

8H 1 

321 

955 i 

392 

1.*** | 

473* 

1.W6* 

41 - 1 * 

1,0*5 i 

522 

1,131 1 

568 

1.145* | 

5*2* 

l,*lr* 

655* 

1,321* 

1,393* 



Level of K«nawha River. 

Seam No. 1. 

Seam No. 2. 

Seam No. 3. 

Seam No. 4. 

Seam No. 5. 

Seam No. 6. 

Sr&in No. 7. 

Seam No. 8. 

Seam No. 9. 

Seam No. 10. 

Seam No. 11. 

Seam No. 18. 

Seaiu No. 13 . 

It lac a Flint Ledge. 

Seam No. 14. 

Seam No. 15. 

Top of till. 


Total thickness of seams 


Thick ner» of 
seams. 


4 feet 6 inches. 
3 i« et 0 inches. 
3 feet 0 inches. 
1 feet 0 inches. 
0 feet 6 inches. 

3 feet 7 inches. 

1 feet 0 inches. 

2 feet 0 iuchc*. 

5 feet 0 inches. 
2 feet 0 inches. 

4 feet 6 Inches. 

5 feet 6 inches. 

2 feet 6 inches. 

3 feet 2 inches. 
15 feet o inches. 


54 feet 3 inches. 


The top seam No. 15 shows 4| feet of coal at the bottom, then 2 feet of slate, 4* feet 
of coal, 2 feet of slate, and 2 feet of coal. In mining, the upper 2 feet ot slate would 
must pr. bably be left as the roof, so that this would leave i) feet of workable coal out 
of the 15 feet. Th s, together with the other 8 seauis, 3 feet thick and over, and in¬ 
tending u hat partings may be present, gives an aggregate thickness of 41 feet 3 inches. 

At Cannehon, seam No.*2 (7 feet thick) is about 687 feet below the Black Flint Ledge, 
and helow No. 2 is a 4-foot seam, (No. 1.) Assuming that this well-marked stratum of 
Hint has this same relative position to the seams below it in the last two secti tus, (the 
Dickinson and Paint Creek,) in the Paint Creek measurement the 7-foot seam should 
Le 42 feet below, aud iu the Dickinson section 85 feet below water-level. 

The 4-foot seam is, of course, still lower, but whether these thicknesses continue 
from Caunelton to the other poiuts only an actual siukiug to tbein can determine. 


Synopsis of the sections of the lower coal-measures on the Kanaxcha and Xew Hirers. 


Locality. 

Nature of the sections. 

e|| 

t** 

© , w « . 

t« 0» 

fill 

3 C7= © 

Aggregate thickness 
of seams, iucluding 
partings. 

Hawk's Nest. 

Partial. 

6 

41 feet 2 inches to 43 




feet 2 inches. 

Canneltnn. 

Partly above water-level.. 

.7 

38 feet 6 iuches. 

hiut Creek. 

Complete above water- 

b 

38 feet 10 inches. 


level. 



Opposite Coalburg. 

Complete above water- 

9 

41 foet 3 inches. 


level. 




Other sections could be given, bnt these are deemed sufficient to show, better than 
conld any words, the great richness of the Lower Coal Measures in this region, and I 
would call especial attention to the uniformity that exists in the aggregate thickness 
of workable seams.* 


* Taking the specific gravity of coal at 1.3, 40 feet would give 48,000 tons per acre, 
from which, if even one-third is dedncted for partings and waste in mining, there 
would still be left 3i,000 to is per acre, which, at 12* cents royalty, the common oue in 
the district, would give an income of $4,000 to the owner. 
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In tills connection it is well to state, tbat as we recede from the Kanawha River 
toward the head of the many creeks which Row into it from -each side, the seams be¬ 
come thicker. I have personally noticed this np Paint and Campbell’s Creeks and on 
Gauley River, 8 or 9 miles from its month. But more openings and extended observa¬ 
tions will have to be made to enable me to say positively whether this, as a general 
thing, is so, or whether the increase may not be confined to individual localities. To 
elucidate such important poiuts as this, is one great argument in favor of the neces¬ 
sity of a careful State geological survey. 

From Hawk’s Nest to Canneltou (20 miles by river and* 10 miles on the dip) the 
Black Flint Ledge falls 1,000 feet, or about 100 feet per mile. Continuing down the 
Kanawha, it becomes very much flatter, and in some cases horizontal, nutil Burning 
Springs, 21 miles further down the river, is reached, and from that poiut to where it 
disappears below the water,.(8 miles by road ami some 6 miles on the dip,) it once 
more resumes its slope of 100 feet per mile to the mouth of Elk River, at Charleston. 
Between these extremes of Gauley Mountain on the east and Charleston on the west, 
these lower coals have an average width of about 30 miles, and a point a little below 
the mouth of Paint Creek is about the center of the belt. Drawing a line north 60° 
east, aud south 60° west, receding from each side of the Kanawha into Nicholas, Clay, 
Braxton, and Webster on the one hand, and Boone, Liucoln, Logan, aud Wayne on 
the other, these vast amounts of coals still contiuue to be found, and in every direc¬ 
tion abundant evidence of them is discovered. Sometimes they form the bed of a 
stream, or crop ont to view iu the cliff* and steep mountain-sides ; iu other places they 
are exposed by slides on the hills, and are everywhere indicated by the presence of 
lumps of coal Iving smooth aud water-worn in the beds of the creeks. Going north 
30° west, or south 30° east* from this axis the measures rise in the latter case till they 
pass into the air above the bills, while in the former they gradually dip below the 
water-level, and are lost to sight, though shafting will still reach them iu many comi¬ 
ties where at preseut they lie untouched. 

TIIE LOWER BARREN MEASURES ON THE KANAWHA. 

Of these very little can be said beyond the fact that they have been estimated at 
700 feet tlrck, and probably contain one workable seam of 5 or 6 feet, a-* seen at the 
head of Two-Mile Creek of the Kanawha, some 3£ miles from the river. On Elk River, 
above Clay Court-House, in Clay aud Braxton, they become of great importance fnwi 
the fact they bear several beds of valuable irou-ore, which are now worked by the 
Elk River Iron aud Coal Company. 

# * * • # • • 

In 1874 the Richmond (Va.) Gas Company tested various coals from the Kanawha 
Valley with the following results: 


Locality. 


rs 

« 

2 




i 


Codlmrg . 

Houston Mining and Manufacturing Company 

J. B. Lewis & Co. 

Cannelton Coal Company,. 

Hampton City Coal Company. 

Gordon and £b»al.. 

H. C. Readier (Coalraont)... 

Coal Valley Coal Company. 


e 

U 

U 

951 

8.534 

145 

876 

1 '*. 941 

17 

993 

9.764 

15 

1,049 

8 . 89 S | 

14 

609 

0 . l «4 i 

15.5 

644 

8,064 

13.9 

1,003 

9.699 

IU 


10,080 

17 


The coal from the Houston, Coal Valley, and C >almont mines, is superior to any 
tested so far; is more free from slate and sulphur, produces greater heat, yields more 
gas, and makes the best coke.—(Report of Richmond Gas Works, 1875.) 

Iu order better to appreciate these figures, it should be mentioned that the Peno- 
sylvania gas-coal, which is generally adopted as a standard in the United States, gives 
9,856 cubic feet of gas, of 14-candle power, per ton of 2,240 pounds. 

The coals given in tin table are from various localities in the valley, the distance 
between the extreme eastern and western ones beiug 15 miles. 

The test of Coalburg was on the rich bitnminons coal at the bottom of the seatn. 
The maiu porjinu of the bed, which is usually called splint, (though iu reality a mis* 
ture of that and bituminous,) gave, when tested by the Cnelsea Gas Cimpiny, the 
remarkable result for this class of fuel of 10,610 cubic feet, of 17^-caodle power. 

The coal from the Cauueltou Coal Company was from the splinty bituminous divis¬ 
ion of their cannel seam. 
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The coal from the lower 5 feet 8 inches of the seam of the Coal Valley Coal Company 
shows 


Fixed carbon. 61.602 

Volatile combustible mat'er. 35.20:1 

Ash. 1.873- 

Moisture. 1.322 


100.000 

Snlpbnr in coal....•. 0.658 

Sulphur in coke. 0.865 

Dr. C. M. Cresson analyzed the coal from the 6ame seam from just across the river, 
from the laud of the Cannelton Coal Company,and in his report sp-aks of it as “a 
bituminous coal of tirst-rate quality, and as especially adapted for gas-making. Ir. ex¬ 
ceeds iu value, for suck purposes, the l>est bitniniuous coal iu use in this or the New 
York market, by about 7 per ceut', aud 'u rem «rkably free from sulphur.” 

The 4£ to 5 feet 2 inches seam, at fclid old Winnefrede mines on Field Creek, iu Ka¬ 
nawha County, is bituminous, with 1$ feet of splint at the bottom. 

Au analysis by Profvssor Locke, of Ciuciuuati, shows: 


Carbon. 68.53 

Volatile matter. 27.01 

Ash. 3.22 

Water. 1.24 


An analysis from the laboratory of the Rtiyal School of Mines, in Loudon, of the coal 
from the 11-foot seam worked by the Gauiey Kanawha Coal Company, on Gauloy 
Mountain, in Fayette Couuty, gives: 


Coke. 65.99 

Volatile mat er. 32.61 

Water. 1.40 


100.00 


Ash. 2.15 per cent. 

Sulphur... 0.74 per cent. 


Volatile gas, per ton of 2,240 pounds, 10,100 cubic ieet. of 17.9-caudle power. 

Pro.ceding east from the Gauley Kanawha Coal Company, the hard bituminous 
coals disappear, and the semi-bituminous come in. They are almost altogether shipped 
to the eastern market, and in Richmond quote 50 cents per toil of 2,240 pounds higher 
thau the coals front the Richmond fields. They make a most excellent fuel, but their 
great value is in the admirable coke they produce. 

As mined at Sewell Station by the Longdale Coal and Iron Company, it is mostly 
made into coke for use iu the company’s furnace at Longdale, in Allegkauy County, 
Virginia, w here they succeeded in reducing their fuel bill to a little over 2,200 pouuds 
of coke per ton of pig-metal produced. 

At the Nut tall burg mines it is extensively shipped, both raw and coked, the latter 
l*eiug done in open kilns. At Qtiinnimont it is largely worked by the New River Car 
Company for use iu their furnace on the spot, as well as for shipment. The first of tho 
following tables gives aualyses of ibe coals from these three localities, aud the second 
of the cokes. 

In the latter is added, for the sake of comparison, an analysis of a sample composed 
of 49 different pieces of tbe celebrated Counellsville coke of Pennsylvania. 


Coals . 


Mine. 

| Carbon. 

! 

Volatile 

matter. 

Ash. 

Sulphur. 

Water. 

Chemist. 

Xottallburg.. 

69.00 

29.59 

1.01 

0.78 

0.34 

C. E. Dwight. • 

Sowell . . 

TO. 32 

21.38 

5.27 

0.27 

1.03 

Quutnimnnt ___ 

15.89 

18.19 

4.98 

0.94 

: J. B. Britton. 




Cokes, 



91.22 


7.53 

0.92 


C.E. Dwight. 

Sewell ”. 

93. OS 


6.73 

0.27 


Qniniitmofit Tfft, t T _ 

93. H5 


6. 15 

0.30 


J. B. Britton. 

Qainnimont Nrv. 2__ 

91.73 


5.57 

0. 48 

. 

J. B. Britton. 

Coaiuilfaville_____ 

87.46 . 

11.33 

0.69 

. 

J. B. Britton. 


I 






L. 
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No. 1 Quinoimonfc is of the ooke made from the coal as usually mined; No. 2 is of 
the coked slack or mine screenings and refuse. The ash in the Nuttallbnrg coal and 
ooke shows that the former was cither a picked sample, or else that the latter was a 
poor specimen. 

Connell8ville coke has obtained so high a reputation, and justly, that there are many 
persons prone to believe that it can have no su|>erior, and for such it would lie well to 
state that the analyses from Sewell and Quinnimont were made for the private nseof 
the companies using the coal, and that of Nuttallburg was made by the State Board of 
Centennial Managers. 

At various points in the surrounding counties beds of this variety of fuel are fonnd 
up to 6 feet 2 inches thick, as for instance uear Raleigh Court-House. Everywhere 
that 1 have examined them they contain the same tender, friable, rich bituminous 
coal. As far as a physical examination goes—for no aualysis has ever been made from 
this region beyond those given—they are exceedingly pure and would make excellent 
coke, and the seams have the ad vantage of being very free from partings. 

Returning to the bard bituminous coals of the Kanawha Valley, I have measured 
very many exposures, varying from 2 to y feet, on Gauley, Elk, auil Coal Rivera and 
thfrir tributaries. 

In Logan, Lincoln, Wayne, &c., are also many* valuable seams, as shown in the fol¬ 
lowing analyses, which are from Wayne County, aud,as far as I cau learu, all that 
bave been made for the district. 

In the table there is no attempt to separate splint from bituminous, the list being 
given mondv to show the geroral Diiritv of the coals. 


Locality. 

Fixed 

oarboo. 

Volatile 

matter. 

Ash. 

Water. 

Sulphur 
in coal. 

Sulphur 
in coke. 

Chemist. 

Mouth of Camp Creek, of 12 







Worrnky. 

Pole. 

Stephen", branch of Laurel, of 

12 Pole. 

Tug Fork. 

56. 35 

37.60 

6.05 

1.60 

0.57 

0.14 

60.10 
61. is 

36. 40 
:ia 74 

! 3.50 

1. 8* 

L 70 

0.72 

0.19 

0.02 

Worroley. 

Taylor. 

Tavior. 

Tus Fork. 

Cassville. 

60.51 

36.66 

2.80 



0.03 

41. e9 | 

43.22 

1 

10.33 

1.56 

6.821; 

|. 

i Dwight, 
i 


As showing the thickuess of the seams in this portion of the State, the following 
measurements of outcrops were obtained from areporcon the coals of Twelve Pole River 
by Prof. E. 13. Andrews, of the Ohio geological survey: 


Locality. 

Character of coal. 

Thickness of 
seam. 

00 

U 

a 

1 i 
& 1 
<3 j 
6 

is 1 

- I 1 

Z u Remarks. 

ot 

8TJ 1 
◄ 1 

Month Camo Creek .. 

BilnainoiR. 

Feet. In 
0 4 , 

2 

1 

Feet In * 

5 5 Dry burning and very pore. 

5 8 l Excellent quality. 

4 5 

6 6 Contains 4 feet 6 inches can- 

| nel. 

7 3 Coatains 5 feet 6 inches can* 

nel. 

3 10 1 Contains 2 feet 0 inches ess* 

Sulphur Spring Creek. 

Splint. 

6 0 

1 

Stephens’*, braneb of Laurel 
William Wiley’a, Cove Creek 

SpVint. 

Splint and canael. 

4 9 

6 6 

3 

Hezekiah‘s Creek. 

Splint and cancel.. 

8 2 

2 

Brush Creek... 

Spliutaud cancel.. 

4 1 

1 




1 ^ 


The coals from all of these are spoken of in the highest terms by Professor Andrews. 

****#•» 


SPLINT-COAL. 

_ Except in a local expansion on one of the seams above the Pittsburg, near Wheel¬ 
ing, there is no well-autbeuticated instance of this class of coal being fonnd in die 
Upper Coal-Measures or in the northern half of the State. Possibly this may arise 
hrom the fact that the attention of the miner is there mainly directed to'gas-coal* 
Haul, open-burning bituminous fuels exist, but they lock the highly laminated, souoroas 

characteristics of splint. J & 

Without saying that it occurs nowhere ontside of Jhe following limits, the area where 
n is positively to exist in workable beds is in the Lower Coal-Measures in Brai- 

ton, Webster, Clay, Nicholas, Fayette, Boone, Logan, Lincoln, and Wayne Counties, 
i on its boundaries may be roughly outlined as follows: Beginning at the junction of 
«rro; lf l?i- an ^JF UK .°f Big Sandy River, on the Kentucky line, and thence ins 

rh .Jr a i- nortb westerly liue to the Forks of Coal in Lincoln and Kanawha; thence to 
A i e * ®°u, on the Kanawha; thence to the point where Elk River cross** the Clay 
axton line; thence bending to the east and running to where the Elkcrosse* 
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the Braxton and Webster line; thence southeasterly to the vicinity of Addison, and 
thence southwesterly, passing through Smumersville, in Nicholas, Gaulay Mountain, 
near the Hawk's Nest, in Fayette, the extreme southern coner of Kanawha, and thence 
on to the common corner of Wayne and Logan, on Tog Fork of Big Sandy. It should 
be clearly understood that these boundaries are only general, and that instead of being 
straight, as laid down, they will run iu and out in curves, so as in some cases to add 
to this area gud in others to subtract front it. 

In this region it is ubnndant. and in admixture with more or less bifuminons coal is 
onud in seams as thick as 10 and II feet. For the combined purpose of steam, domes¬ 
tic use, and the manufacture of iiou, it may he looked upou as the most useful aud val¬ 
uable coal of the State ; and even now it ranks so high that iu the New York retail- 
market it quotes higher than any oilier West Virgiuia coal except eannel. Its value 
is due to its firmness and solidity, which enables it to he bandied, shifted, and stored 
with very little loss It bums w< 11, leaving but litile ash; has both high calorific i ower 
mid intensity ; is usually lemaikahly free from snlpliar (iron pyrites) and other impuri¬ 
ties; ban little or no tendency to ejinker; is tree from tlic danger of firing by spontane- 
ons combustion—a great desideratum iu storage and ocean transportation ; is first-into 
as a steam aud household fire, and it has a particular adaptability in the raw state to 
the manufacture of iron in the blast-furnace, for which purpose it is eagerly sought in 
districts accessible to market, as it makes a quality of irou which can ouly he sui- 
posed by the use of charcoal. 

• • * * * * * 

As regards practical tests of this coal from West Virginia, the following is about all 
that has been done: 

Mr. Mendenhall, of C. C. Mendenhall & Co.* tried it, and speaks of it, under date of 
October 10, 1867, thus: 

“We have thoroughly tested its qnality for this purpose (a blast-furnace fuel) in onr 
own furnace, near Wheeling, with the most satisfactory results ; regarding it as better 
adapted to smelting iron Than any known coal of the Alleghany coal-field. We used 
Campbell’s Creek and Coalburg coals with abont equal Jesuits. 

“The estimate in which our furnace-manager holds these coals is evidenced from the 
fact that I am authorized to contract for a supply to be carried up the Ohio River to 
Wheeling, for use in our furnace there.” 

Coalburg splint has also been used in the furnaces at Jrcnton, on the Ohio; hut 
they, as well as Wheeling, stopped their orders several years ago because, on account 
of the uncertainty of the navigation of the Ohio and Kanawha rivers, they could not 
get a regular supply and had to keep large stocks on band. 

This stoppage, i should mention, was before the Chesapeake and Ohio Railroad was 
completed. 

The Keuton Furnace, of Newport, Ky., up to 1873, had used some 10,000 tons of Camp¬ 
bell's Creek epliut, mixing it with an equal auiuuut cf Conuellsville coke. Of this mix¬ 
ture it took 11 tons to make one ton of iron. 

• ****** 

The following table shows the analyse'* of various West Virginia Bplint-coals. For 
the pnrpose of comparison there is also added the block-coal of Indiana and the Ma¬ 
honing Valley, Ohio, the Pittsburgh coal, and two of the best iron-making coals <f 
Great Britain. 


vT 

Volatile matter. 

d 

i 

cs 

u 

1 * 

1 s 

4 

Water. 

Chemist. 

Cropbeirt Greek, Kaiwvht. 

CoeltMirg 4-foot seam, Kanawha. 

Coalburg main seam. Kanawha.. 

Paint Creek Mines, Kanawha. 

Kelly’a Creek, Kanawha. 

Stephens Branch, Wayne. 

Tug Fork, Wayne.... 

Tnc Fork, Wayne. 

Coal Valley Coal Company, upper 16 inebga 
of arum, Fayette. 

Briar H»U, Ohio. 

Star Mine, Indiana. 

Pittsburgh Goal. 

I'lyde ftfJiiit_______ 

35.64 

33.26 

40.50 
3a 13 

1 37.08 
36.40 

1 33 74 
| 36.66 
38.32 

32.58 

32.50 
41.10 
36.80 
48.18 

61.07 
i 62.61 

I 56.50 
63.74 
60.92 

6 t. 10 
61.18 
60. 54 
57 20 

62 66 
61.50 
56.90 
59.00 
60.32 

1.21 

1.81 

1.50 
6. 13 
200 

3.50 
1.88 
2 80 
4.30 

1.16 
2 54) 
1.00 
4.20 

1.50 

1.88 
2 14 
200 

1. 70 

o.'ie 

3.60 

3.50 

1.00 

Riverside Iron Company. 
Riverside Irou Coiupauy. 
Lwvette, Indiaua. 

Dor emus, N. Y. 

Rogers, Virginia. 

Worroley, Ohio. 

Taylor, Ohio. 

Tavlor, Ohio. 

Dwight, W. Va. 

Wormley, Oh tot 

Levette,.Indiana. 

Levette, Indiana. 

Mnaket. 

Musket* 

Worsboitragh, Yorkshire. 
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* # ■ * * 

CAXtfrtt-OOAC. 


Tie principal development in Went Virginia Appear* to lie in the area a^i^nH tc 
pplinl-cnftl, though with more contracted hoimdury-Huea, anti io tlii*Lbu thickest et- 
jiutmrua yet observed tiro as follows : 


County. 


Looitity. 


Wartic*.. 
XkK ... 
Do..„ 

f^XDil , 

lltHHlH . ... 

tin . 
iC*TMVwh*t 
D» ... 
I'amie.-- 
KiGlioliu 


LmH branch nf IW^Mnh, pm tempi..... -- 

Hrn p h Cr**-k. |on1«r**p» ..... 

(JnVflCnwi tomernp) ... 

Nln* mite* of Uiiyunrintt*. (nntcropt 

Workmuri rf kmutski, (imu-nipi.... .. - 

tVytnnm L>*l iVmpimy, lnn«r NiimMAvnmjpO 

JVtnt Cwk Cud OiMtipatiy. (tMvIo m; p]»c*o.. 

Mill Crw?k Con I (Jonii hiii y. (rc(» nauil j ......... 

Cntvl. C«tU|WMy» {*¥(0*^3 
LUlle Elk uf (Jiiitloy. (oiULHwpl ............... 


Tbit kata* 


n u 

a a 


3 I 
i i 
I * 

3 4 

I tfl'.fl 
;t c 

4 ft 


****■## * 

Garni el tun cannel, Fayette Comity, yielded by the treatment nf the Union Oil Com¬ 
pany 2 gallons pur bushel, or hCt gallons per tmi. This U really lint tile foil yield, fm 
when the retorts were taken up the present company found tnere had Ihtk Lonmin* 
able waste and leakage. Two companies on Paint Creek, and erne on Mill Crv*k, Kj- 
iniwba County, formerly dietiUed oil from this nmiuraL They were stopi oil chirdj mi 
account of the war, and have not resumed operations since, portly from lack ut i apiuh 
tout mainly from the discover tea of the cheaper petroleum. Tuetts »re flow no oibwurtu 
of this class in operation in the Statu. 

The chief value of this coal is an a gas-producer. Fur this purpose that from Wial 
Virginia lias no superior in America. The only two mines in upersttiiMi within *>m 
bunion at this date are the CaunuUon Coal Comp my, oa the K in otUi, and the IV; 
tona Coal Company, on Coal River. The <j no tat. ion* for tliuir nmole Are ljigh.u, with* 
ont an GiOUpLiuu, iu all markets that they reach t than any cither fuel aimed in rU 
United States. 



The following table* show the quota*ion* uf the chief West Virginia coals in lb* 
priiihipiil fastern ami western markets to which they are carried. 

For the sake of comparison tliuir greatest rival* from other States are also mldnl 
The prices arc taken from the quotations given in the Eugirwmuif and Mining Jftr* 
tml on the lirst Saturday of each of the six mouth* coding April, I8?d, 
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NEW YORK. 

Wholesale pa* ton of 2,240 pounds, alongside. 


Coal. 

State. 

WwlnioMuml and Penn. 

Yon-'Hiogbeny, Waverly County 
D-'tpard..... 

Pennsylvania .. 
Penn-vl' ai-ia .. 
West Virginia .. 
West Virginia .. 
WeMt Virninirt 

Murphy's Ron. 

Knirniniif 

Nrwhiirjj orrel.. 

Ked Bank canoe) ................. 

*v Cn If T . . 

West Virginia.. 
Pennsylvania... 
Ohio. 

Str.ilttvdle cannel..! 

(•anueltou can net. 

Pevtona can m?l. 

Caanellou »p int.. 

Wret Virginia. 
West Viiginia.. 
West Virginia.. 


C 

3 

1 

u 

M 

s 

« 

b 

eS 

P 

43 


> 

o 

s 

p 

s 

k. 

X> 

t 

at 

O. 


(5 


to 

3 

i < 

16 sn 

#6 50 

$6 50 


$6 00 

|6 00 

6 50 

6 50 

6 50 


5 75 

5 75 

G 50 

6 50 

6 50 

\ • 

6 00 

6 00 

€ 50 

6 : 0 

6 50 

•P 
i o 

6 no 

6 00 

6 50 

6 50 

6 50 

O 

6 (0 

6 00 

6 :o 

6 50 

« 50 

i % 

6 00 

< 6 00 

8 50 

8 50 

8 50 


8 50 

| 8 50 

10 00 

10 00 

10 00 

o 



n oo 

11 00 

11 00 

fc 

10 50 

10 50 

11 50 

11 50 

11 00 


10 50 

10 50 

6 50 

t> 50 

6 50 

1 

6 00 

| 6 00 


RICHMOND, VIRGINIA. 

Wholesale pea' ton o/2,240 pounds on shipboard. 


Coal. 

I 

State. , 

November. 

December. 

b 

ct 

D 

1 

February. 

Marcb. 

April. 

Kanawha cannel. 

Went Virginia.. 

f 12 00 

112 00 ; 

$12 00 

$9 00 

$9 00 

$9 00 

Coulbnrg splint. 

West Virginia.. 

4 90 

4 75 

4 75 

4 75 

4 75 

4 75 

Lewi-Inn splint. 

West Virginia.. 

4 90 

4 75 

4 75 

4 75 

4 75 

4 75 

Kanawha gee.. 

Weat Virginia.. 

4 50 

4 50 

4 50 

4 50 

4 50 

4 50 

New River hi tn mi non*. 

West V-rginia .. 

i 4 5o 

4 50 

4 50 

4 50 

4 50 

4 50 

Ulovrr Rill, James River. 

Virginia. 

4 25 

4 25 

4 25 

4 00 

4 00 

4 00 
| 3 30 

Bituminous.. 

Virginia . 

| 3 30 

3 30 

3 30 

3 30 ! 

I 

3 30 


CINCINNATI, OHIO. 


Wholesale per bushel , afloat. 


Coal. 

State. 

November. 

December. 

January. 

February. 

March. 

April. 

Ynnghiogheny .. 

Pittsburgh. 

Pomeroy___ 

Pennsylvania . 

Pennsylvania. 

Ohio. 

Cents. 

10 

10 

8 

Cents. 

10 

10 

8 

Cents. 

9 

9 

6 

Cents. 

7* 

74 

5 

Cents. 

74 

7A 

5 

Cents 

}\ 

Kanawha. 

West Virginia. 

10 

10 

10 

n 

74 

-* 


LOUISVILLE, KENTUCKY. 


Retail per bushel. 


CoaL 

State. 

November. 

December. 

i 

1 

February. 

March. 

April. 



Cents. 

Cents. 

Cents. 

Cents. 

Cents 

Cents. 

Pittsburgh_.............. 

Pennsylvania. 

14 

14 

14 

14 

14 

12 

Raymond City_ 

West Virginia.. 

13 

13 

13 

13 

13 

11 

Pine Hill_I. 

Kentnoky. 

13 

13 

13 

1.1 

13 

13 

Peytona cannel. 

West Virginia. 

I 

20 to 22 

; 

20 to 22 

20 to 22 

Ki 

© 

© 

20 to 22 

20 to 22 

# * 

• • 


• 


# 


*• 
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IRON. 

Kanawha County .—As far as examinations have gone, only the northwestern half of 
this county can lay claim to iron-ore. Those exposures that have been observed are,* 
a 2-foot lied in the hills across Elk River, opposite Charleston, from which the Ka¬ 
nawha Iron Company, whoso furnace is now building, expects to draw a p irtion of its 
supplies; a bed 2 feet 2 inches thick miles np Campbell’s Creek, of a brown oxide, 
lying just above the Black Flint Ledge. It has, however, a good deal of sand in it, 
and would have to be mixed with other and richer ores for furnace use. 

A seam on the Davis Creek side of the dividing ridge between that stream and Ruh 
Creek was opened some 15 or 20 years sgo with the intention of storting a small fur¬ 
nace, but the idt-a was abandoned. It is feet thick according to the recollection of 
General L. Raft*tier, and ison the Black Flint. It is, therefore, the s;inn bed as the last. 

The ore that is still lying about is a siliceons brown oxide containing some 30 or 35 
per cent, of iron. It would in>x well with the richer ores of Virginia. Lower down 
Davis Creek several workable seams of carbonate of iron or the results of its decompo¬ 
sition are reported, an analysis by O. N. Stoddard, of Worcester University, Ohio, of 
oue 80 feet above the Mahoning sandstone, giving— 

Iron.. 

Carbonate lime. 

Carbonate magnesia. 

Siliceous matter. 

Alumina. 

Manganese. 

Sulphur. 

Loss of water by drying. 

l/oss of combined matter by ignition 
Loss. 


100.000 


34.927 
9.400 
A 450 
15.400 
4.210 
2.900 
0.243 
0.400 
27.800 
2.270 


This shows that after the ore is roasted and the 28.2 p r cent, of water and comhinep 

matter are driven off, the remaining mass will contain 48.G per ceut. of metallic iron. 

• • * * * * # 


Greenbrier County .—On Howard’s Creek, within 4 or 5 miles of the White Sulphur 
Springs, iroir-ore of fair quality and apparently in large quantities has lately beeu dis¬ 
covered, and on Anthony’s Creek the fossilif-runs and block ores make their appearance. 
At the point of observation the fossil ore was U inches thick, but the block ore lias 
been ojKjned at two places, eacli showing 7 feet. 

It indiues at a good angle for mining. A bluff ore also shows itself at nnmnron* 
points in large masses. (R -port of T. S. Ridgeway oil the minerals along the Chesa¬ 
peake and Ohio Railroad.) Analyses of several of these ores, by J. B. Britton, show: 


Fossil ore ... 

Pipe. 

Hematite ore 
Bluff ore .... 

• 


52.23 per cent. iron. 
61.75 per cent. iron. 
57.17 i>er cent. irou. 
36.69 per cent. iron. 


SALT, 


Charleston, W. Va., Jpril 5,1876. 

Dear Sir : In compliance with your request, I send yon herewith some facts in re¬ 
gard to the early history, subsequent developments, and present condition of the salt 
iiiaiiafactnre anil salt interest of Kmawha and Mason Counties, and of West Virginii 
generally. 

Hoping that the paper may in so n3 degree famish the information yon desire, 

I am, very respectfully, yours, truly, 

J. P. Hale. 

Prof. M. F. Maury. 


Rich as is West Virginia in coal, iron, timber, dtc., she is scarcely les9 rich in that 
indispensable necessity to human health and comfort and to animal life, common salt. 
Fossil or rock-salt has not been found in the State, but salt brines of greater or le-s 
strength aud in greater or less abundance are found by artesian borings at greater or 
less depth throughout the Appalachian coal-field, w hich underlies the greater portion 
of our Stato. 

The strength of these brines varies in different localities, and in different wells in 
the same locality ; the range may be stated at say 6° to 12° by the salometer, Baums 
scali, (distilled water being (P, saturation 25°,) but the average strength of the brines 
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from which salt is now made is about 8° to 10°. The value of these brines depends 
of course upon their location as regards accessibility and cheap transportation of the 
products to market, as well as the convenient proximity of cheap coal for fnel and 
timber for barrels. 

Only locations on the navigable rivers or lines of railways at present fulfill these 
indications, but as population increases, and new rontes of travel and traffic are opened 
up, it is probable that new salt-manufacturing localities will be developed. 

The principal points at which salt has been manufactured in the State are Charleston, 
on the Great Kanawha River, from West Colombia to Hartford City, on the Ohio River; 
at Ball town, on the Little Kanawha ; at Louisa, on the Big Sandy; in Mercer Connty, 
on New River; near Birch, of Elk River, (at the month of Otter Creek on Elk, Au¬ 
thors,) aud at a few other less important point 4 , on a very small scale, for local nse. At 
present, owing to the greater facility of reaohiug the markets of the great West by 
cheap water-transportation and the* advantages of cheap fuel, salt is only manufac¬ 
tured on a commercial scale near Charleston, on the Great Kanawha, and in Mason 
County on the Ohio. 

• #**•*• 
Salt-works, Mason County , West Virginia . 


Name of furnace. 


New Haven. 

Hartford City. 

Star.... 

ValteyCity. J* . 

Jackson. 

German. 

Hope. 

Mason City. 

Bedford. 

Clifton. 

Bnrnap, or Quaker City. 

New Castle . 

West Columbia. 

Actual capacity. 

Actually made in 1875 


Capacity. 

Depth of wells. 

Bushels. 

Feet. 

300,000 

t, 200 

300,000 

1.150.60 

3125,000 

1,150.60 

350,000 

1, 125.35 

900,000 

1,190. 30 

1, 120. 30 

950,000 

350,000 

1, 120. 30 

325,000 

1,120. 30 

300,1'OO 

1,150 

300,000 

1,150 

150,000 

1,150 

250,000 

1, 155 

300,000 

1,125.40 

. 3,700, 000 

9,500,000 




Owners’ names. 


S Hartford City Coal and Salt Com¬ 
pany, 1,100 acre# of ooal-land. 

Valley City Coal and Salt Company. 
V. R Horton, jr. 

German Salt Company. 

Hope Salt Company. 

Mason City Salt Company. 

Bedford Salt Company. 

Not running. 

Not running. 

Not running. 

Not ranning. 


The Kanawha salt-works are situated in Kanawha County on the Kanawha River 
commencing about 3 miles above Charleston aud extending up the river for several 
miles on both sides. 


From the 2,000 or 3,000 or 4,000 bushels per month of the earlier furnaces, the pro¬ 
duction has been increased to 20,000, 30,000 or 40,000 bushels per month. The writer’s 
furnace, Snow Hill, has made in one year, independent of all stoppages, delays, &c., 
420,' 00 bushels, the largest single month’s run being 41,000 bnshels. This furnace has 
20,000 square feet of evaporating cistern-surface, and over 1,300 square feet of metal- 
pan furnace-surface. About 1,200 bushels of coal per day are consumed in the furnace 
proper and about 300 more for engines, houses, and other purposes. 

How far this will be exceeded in the future remains to be seen. The same progress 
has occurred in freighting salt as in the manufacture. 

In the days of Elisha Brooks, the neighbors took the salt from the kettles in their 
pocket handkerchiefs, tin-buckets, or pillow-cases. Later, it was taken iu meal-bags, 
on pack-horses and pack-saddles. 

The first shipment west by river was in 1803, in tubs, boxes, and hogsheads, floated 
on a raft of logs. Next came small flat-boats, 50 to 75 feet long and 10 to 18 feet wide, 
run by hand, and in which salt was shipped In barrels. These boats increased iu size 
up to 160 feet or more long and 24 to 25 feet wide, and carried 1,800 to 2,200 barrels of 
salt. 

These boats were all rnn by hand, at a great risk, and although the Kauawha boat¬ 
men were the best in the world, the boats and cargoes were not nnfrequeiitly sunk, 
entailing heavy loss upon the owners of the salt. The late Col. Andrew Donnally 
used to ask, when he heard of one of his boats sinking, whether any of the boatmen 
were drowned; if not, he contended it was not a fair sink. But all this is now done 
away with. Salt is now shipped eastward by rail, and to the nearer westward markets 
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by dally and weekly steamboat packets, and to the most distant markets by tow-bosti 
and barges. A tow-boat will now take 8,000 to 15,000 barrels at a trip, landing than at 
Lonisvifle, Evansville, Nashville, Memphis, Saint-Louis, or elsewhere. 

In the matter of packages, no change has occurred here since the first use of barrels, 
the principal change being a gradual improvement in the quality of the cooperage. 
Our neighbors in Mason County ship some salt in bulk and some in bags, bat the 
larger portion in barrels. Kanawha uses barrels exclusively. 

We use two sizes, 280 pounds and 350 pounds, net salt, respectively. 

The pork-packing trade takes the larger size, and the rerail trade the smaller, chiefij. 

These barrels are made of white*oak staves and hickory hoops, and it is believed that 
nothing cheaper or better can be devised for salt packages. 

They are cheaper than bags, more convenient to handle, more convenient to atom, 
stand rougher usages, and more ex posure to the weather. Markets having choice ofsalt 
in bags or barrels generally prefer the barrels. 

The cost of manufacturing salt on the Kanawha varies, of course, from time to time, 
with the varying price of living, labor, and supplies. It also varies with the particular 
furnace, according to size aod the greater or less advantages which it possesses. The 
larger tbe furnace, other things being equal, the cheaper it will make salt. The general 
superintendence and management of a large farnace costs very little, if any, more than 
for a small one, and a given quantity of coal will make more salt on a large furnace 
than a small one. 

Tbe best furnace will make 100 bushels of salt with 80 to 90 bushels of coal. A good 
average result is a bushel of salt for a bushel of coal, and the least economical consume 
about 125 bushels of coal per 100 bushels of salt. 

Some of the furnaces mine tbeir own coal, and some bay fine or nut coal from mines 
that are shipping coal. Even tbe best furnaces do not nse coal at all economically or 
to tbe best advantage. There is in this respect great room for improvement. 

The cost of coal, delivered at the furnaces, ranges from 2£ to 4 cents per bushel 
The present cost of barrels is 25 to 28 cents for tbe smaller size and 28 to 32 cents lor 
the larger. The cost of common day-labor is $1 to $1.25 per day. Coal-miners get 2 
cents per bushel. 

Tbe cost of producing salt at these figures may be stated at 8 to 11 cents per bushel 
in bulk, or 13 to 16 cents in barrels, ready for shipment. 

The present cost of boring a salt-well here, say, 1,000 feet, after engine, well-frame, 
Arc., are ready, is $1,200 to $1,500. The time necessary to bore and ream it complete is 
60 to 90 days. The cost of a salt-furnace complete depends upon size, &c. and vanes 
within wide limits. It may be stated roughly at $40,000 to $100,000. 

The people of the United States consume more salt than those of any other country, 
the estimated average consumption being one bnshel of 50 pounds per capita fjrthfl 
entire population. 

The great western markets, where our product goes, consume even more largely thin 
the general average, as this is the largest pork-packing region on the globe. This por¬ 
tion of the country is rapidly increasing in population and as rapidly in its meat-crop 
and salt-consumption. 

It is well known to chemists that salt is a valuable fertilizer ou mostsoils for wheat, 
cotton, grass, potatoes, turnips, and other crops; aod as an ingredient in compound 
manure it has a wide range of value. It is often recommended by tbe highest author¬ 
ities, bat 88 yet very little is so nsed in this country. When agriculture gets to be bet¬ 
ter understood and practiced, and agricultural people uuderetaud their interests better, 
a large demand and consumption will doubtless be developed in that direction. 

The most important and prospectively promising development in the manafaetum of 
salt here is its probable use on a large scale in the manufacture of alkalies and other 
chemicals having salt as a basis or important constituent. 

With a population of 40,000,000, aud covering tbe greater part of a continent, it fc 
an a-tonishing fact that oar last census does not report a single soda-ash works in 
operation in the United States, while the official returns show the importation of those 
onemioals into the conn try to be enormously large.- 

In 1872 the importation of soda-ash, caustic soda, &c., was over 100,000 torn; in 1673, 
118,000 tons: in 1874, 140,000 tons: in 1875,-tons. 

• • • « * • a 

All, or nearly all, of our supply of these chemicals comes from Great Britain. Offi- 
eial reports of 1870, giving the operations of 1860, will give an idea of the extant aod 
importance of tbe manufacture in that country. 

In that year the manufactories there consumed 10,184,000 bushels of salt; 26 , 906^000 
bushels, or 961,000 tons, of coal; 281,000 tons of limestone and chalk; 264,000 tons of 
pyrites; 8,300 tons of nitrate of soda, and 33,000 tons of timber for casks. 

Tbe manufacture, I am told, has hugely increased since 1869, bat I have not men 
official reports of a later date. 

Is there any sufficient reason why this manufacture should be so neglected and iff- 
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med m this country f On the contrary, the advantages are so great and so palpable, 
that it is difficult to understand why capital and enterprise have not been enlisted in 
it. To illustrate, compare the conditions of manufacture at Newoaatle-on-tbe-Ty ne, 
the seat of the largest manufacture in England, and what they would be on the Ka¬ 
nawha. 

The Newcastle manufacturer buys his salt in Cheshire, and transports it several 
bandied miles by rail. He buys his coal from neighboring collieries, paying railway 
transportation on that to his works. His pyrites and manganese come from Spain, and 
his timber for casks from Canada or Norway. 

When the chemicals are made, he sends them to Liverpool or Glasgow by rail for 
American shipment, thence by steamers to New York, paying ocean freight, insurance, 
and Government duty. At New York he pays commission, cartage, &c., and thence 
railroad freight to the western markets, say to Pittsburgh, Saint Louis, &c. 

Per contra, the Kanawha manufacturer would have salt and coal at bis doors, at a 
small margin over producer's cost, if he did not produce them himself at aetual cost. 
On the line of the Chesapeake and Ohio Railroad, accessible, cheap, and convenient, 
are inexhaustible mines and beds of snperior pyrites, manganese, and limestone, and 
timber of the finest qualities abounds throughout the region and is extremely cheap. 

The product, when ready, could be rolled from one door of the factory into boats or 
barges,and in a short time, by cheap water-transportation, be landed at these same 
large western consuming markets from Pittsburg to Saint Louis, inclusive, or from 
the opposite door of the factory, on the cars of the Chesapeake and Ohio Railroad, for 
early delivery into auy of the eastern cities. 

It will be readily seen, I think, that the advantages are greatly in favor of the 
American manufacture, and especially at Kanawha, where there are probably more 
advantages combiued than at any other point in the country. 

With cheap salt, cheap coal, cheap salphurets, cheap manganese, cheap limestone, 
cheap timber, cheap labor, aud cheap transportation, there is nothing lacking bnt 
capital to make the Kanawha the Tyne of America. West Virginia should at least 
supply soda-ash. caustic-soda, and bleaching-powder to the great chemical-consuming 
markets of the West, so neai and cheaply accessible to ns, if not indeed to the whole 
continent, thus saving to the consumers millions of dollars of extra cost for the foreign 
article. 

Glass-works, soap-factories, paper-mills, &c., might with advantage be located here 
convenient to salt and chemical supplies. The products of these establishments would, 
of course, have the same advantages of cheaply reaching the great consuming and 
rapidly-growing markets of the West. 

The Great Kanawha coal-field, within which lies the Kanawha salt basin, is one of 
the finest known coal-fields in the world. We have coal of the finest qualities—splint, 
bitnminous, and canuel; hard-block coal, suitable for iron-making; soft, rich coal for 
gas; good coking-coal, steam coal, and grate-coal. Our cannel-coals, for parlor use or 
gas-making, are uuexcelled. Iron-ores, carbonates of the coal formation, are found 
throughout the region; red and brown beina ites and specular ores are cheaply access¬ 
ible by rail; and black land of a superior quality is found here in large abundance. 

As a timber region, especially for the hard woods, this can hardly be excelled on the 
continent. 

**#*#•# 

The distinctive characteristics of Kanawh i salt may be stated as follows: 

1. It has a more lively, pnngent, and pleasant taste, as a table-salt, than any other 
known. 

2. It is the only coouneroiai salt that is absolutely free from sulphate of lime. 

3. It does not, under any conditions of climate and weather, cake or crust on the 
surface of the meat, bnt penetrates it aud cures it thoroughly to the bone, so that in 
large pork-packing establishments in Cincinnati and elsewhere it is found to save 
meat in very unfavorable weather, where with any other salt known or used the meat 
would have been injured. 

4. On account of its pungency and penetrating qualities a less quantity of it will 
snffioe for any of the purposes for which it is used, whether table, dairy, grazing, or 
packing. 

Certificates from numerous western firms show that the Mason County salt quotes 
with this, though at the same price consumers prefer that from the, Kanawha wells. 

There are in th*s salt district about 120 salt-we Is, all told. Som* of these, being 
inferior, have been abandoued. aud will probably never be used again. Others are 
good wells, the furnaces connected with which have been dismantled by “dead-rents” 
or other causes. These fnrnaoes may be rebuilt and restarted. 

The good wells, if all ran, woald supply brine for about 5,000,000 bushels of salt per 
year. Each furuaoe requires 3 to 5 wells. 

There are at present 10 furnaces here, of which the following is a list, with name of 
owner and capacity. 
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The aggregate capacity Is about 2,500,000 bushels per year, if all were ran loll 
time. Two of the furnaces, however, are not in repair, and some others that had been 
idle have only recently been repaired, so that the product of 1875 was very small 


List of Kanawha salt-furnaces . 


Name of furnace. 


Name of owner. 


Productive 

capacity. 


Remarks. 


Daniel Boone... 

Crittenden. 

Snow Hill. 

Washington.... 

Pioneer . 

Quincy. 

Burning Spring 

Alden. 

Lorena. 

Kenton. 


W. B. Brooks. 

W. D. Shrewsberry . 

J. P. Hale. 

J. D. Lewis. 

General L. Rufiner.. 

J. Q. Dickinson. 

Mrs. R. Tompkins... 
Mrs. S. Dickinson... 
Splint Coal Company 
Splint Coal Company. 


Bushels. 
300,000 
280,000 
420,000 
230,000 
180,000 
210,000 
160,000 
240,000 
240,000 
240,000 


Not in repair. 
Not in repair. 


Total 


2,500,000 


Statement showing the production of salt in Kanawha. 


1797. 

1608. 

1814. 

1827. 

1828. 

1829. 

1830. 

1831. 

1832. 

1833. 

1834. 

1835. 

1836. 

1837. 

1838. 

1839. 

1840. 
1641. 
1842 

1843. 

1844. 

1845. 

1846. 

1847. 

1848. 

1849. 


Date. 


Bushels per 
year. 


600,000 1 
787,000 
863, 542 
989, 758 
906, 132 
956,814 
1, 029, 207 
1,288. 673 
1, 702, 956 
1, 960,583 
1,762,410 | 
1,880,415 | 
1,811,076 I 
1, 593, 217 
1,419,205 

1, 443, 645 
1,919,389 

2, 197, 887 
1,874,919 
2, 578, 499 
3,224,766 . 
2,690,087 l 

j 2,876,010 II 
2,951,492 i| 


Date. 


Bushels pw 
year. 


1850. 

1851. 

1852. 

1853. 

1854. 
1835. 
1856 
1857. 
1«58 
1839. 
Ie60. 
1*61. 
1862. 

1863. 

1864. 

1865. 

1866. 

1867., 

1868., 


1870. 

1871. 

1872. 

1873. 

1874. 

1875. 


3,14*10® 
2 ,** 6 * 
2,741,576 
2 , 73*910 
2,233.863 
1,493,543 
1,964,049 
1,96* 749 


No records. 


1,300,991 
961, 973 
1,275,017 
1,321,066 
1,528,982 
1,823,430 
1,721,90 


No records 


967.465 


* 150 pounds per day. 


f 25 bushels per day. 


CHRONOLOGICAL LI8T OF EVENTS AND INCIDENTS CONNECTED WITH THE KANAWHA SILT 

INTEREST. 


1753.—Indians made salt at the Kanawha salt-springs. Reported by Mrs. Mary Ingles, 
then a captive. 

1774. —Walter Kelley and family first white settlers in Kanawha Valley. 

1775. —General Washington reserved from his lands aud gave to the public the Kanawha 

Burning Spring. 

1785.—John Dickenson “located” the Kanawha salt-springs. 

1790.—(Before and after.) Daniel Boone lived here opposite the salt-spring. 

1794.—Joseph Ruffner purchased the salt-spring, and in 1795 moved to Kanawha. 
1797.—Elisha Brooks put up a kettle-furnace, made 150 pounds of salt per day, and 
sold it at 8 to 10 cents per pouud. 

1806.—David and Joseph Ruffner commenced to bore the first salt-well. 

1808.—Some parties started their kettle-furnace, made 25 bushels per day, and sold it 
for 4 cents per pound. 
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1803.—William Whittaker, Tobias Rnffuer, Andrew Donnelly, and others, followed, 
boring wells and building furnaces. 

ISOS.—First salt shipped west by river in tubs and boxes on a log-raft and in canoes. 
1810-T2.—The late Tom Ewing, of Ohio, boiled salt and studied law and Latin here. 

1815. —First gas-well struck by Captain James Wilson. 

1816. —First steamboat evariu Kanawha, oalled the Eliza. 

• 1817.—Coal first used in salt-making. 

1817. —The first Kanawha salt company, “Steele, Donnally & Steele.” 

1821—Highest water ever kuown in Kanawha to that time. 

1821—Second salt company, “William & Robert M. Steele.” 

1827.—Lewis Ruffuerand Frederick Brooks introduced the first steam-engine to pump 
salt-water. 

1827.—Third salt company, “ Armstrong, Grant & Co.” 

1830. —F. Brooks laid the first wooden tramway to haul coal. 

1831. —Billy Morris invented the “ slips.” 

1833. —Fourth salt company, “ Donnally, Beam & Co.” 

1834. —Col. B. H. Smith brought from the Norfolk navy-yard model for keyed-clamped 

cistern. 

1833.—George Patrick invented steam evaporation in salt-making. 

1835. —Lewis Ruitner built the first keyed cistern (20 by 7 feet) and put a cast-iron 

pipe through it. 

1836. —Fifth salt company, “Hewitt, Roffner & Co.” 

1841.—John D. Lewis first used steam under copper pans for making salt. 

1841.—Frederick Brooks first used copper pipes aud steam through oisterns. 

1843.—Big Barniug Spring gas-well struck. 

1849.—Williams and Stevens bored and built first furnace on the Ohio. 

1851.—Sixth salt company, “ Rnffuer, Donnally & Co.” 

1856.—Seventh salt company, “ Ruffuer, Hale & Co.” 

1856.—Lowest water ever known on the Kanawha and Ohio rivers. 

1856-7.—Coldest winter and longest freeze-up ever known here. 

1861.—Disastrous flood in river; the highest water ever known here, 
l^l-^.—War. 

1864.—Eighth salt company, “ Kanawha Salt Company.” 

1872 —The Chesapeake aud Ohio Railroad opened. 

1875.—The ninth and present salt company, “ The Kanawha Salt Company,” organized. 
1875.—United States Government commenced to improve the Kanawha River by locks 
and dams. 

Limestone, common . 


County. 

Locality. 

Carbonate of lime. 

§f 

a 

° cl 

r 

3 

o 

Alumina and oxide 
of iron. 

Insoluble siliceous 
matter. 


Chemist. 

Greenbrier.. 

Fort Spring.. 

90.11 

a. 49 

2. 02 

5.04 

0.34 

J. B. Britton. 

Do__ 

On C. & 0. R. R. 

93. 76 

0.29 

1.12 

3.92 

0. 91 

C. E. Dwight. 

Do.-.. 

Bine Sulphur Springs... 

98.20 

0.00 

0.48 

0.40 

0.92 

W. B. Rogers. 

Do. 

Muddy Creek Mountains 

88. 64 

9.60 

0.12 

0.20 

0.44 

Do. 


• •••»•# 


In Greenbrier County, near Ronceverte, large deposits of an extremely hard, dur¬ 
able, and handsome sandstone occur. One is of a gray color, and was largely quarried 
and boated six miles down the Greenbrier River to build the piers, &c., of the railroad- 
bridge over that stream—the contractors preferring to do this to using the stone nearer 
at hand. The other is of a chocolate color, and has a local use for building purposes. 

On the upper portion of the Kanawha River the sandstoues of the Lower Coal-Meas¬ 
ures furnish the materials for the locks and dams now being built by the United States 
Government; and from the various hills along i*s line the Chesapeake and Ohio Rail¬ 
road obtained the stone for the construction of its bridges, culverts, &c.; while the 
Mahoning sandstone at Charleston furnishes a beautiful gray and easily-wrought 
trimming for many of the houses of that city. 

• * * * * # • 

In Greenbrier Connty, near Alvon, on Anthony’s Creek, a blue variety of excellent 
quality is found. 

* • * * * # # 
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SALTPETER 

Is to be found mingled with the earth in many of the caves of the limestone region 
of Greenbrier, Monroe, and Pocahontas, and in the first-named county has been pro¬ 
cured from time to time in considerable quantities from tbj§ source. 

• • # • # * • 


MINERAL WATERS. 

West Virginia comprises within her southern and southeastern border a large por¬ 
tion of the celebrated mineral-spring plaza, long known as the “ spring region of Vir¬ 
ginia,” and which for the last eighty or ninety years has been greatly resorted to by 
the seekers of health and pleasure of every great section of the United States. 

• • « • • # * 

White Sulphur Springs. —The White Sulphur Springs, so long famous among the min¬ 
eral waters of the world, are in the county of Greenbrier, 5 miles west of the crest of 
the Alleghany Mountains. 

The Bed Sulphur Springs , in the county of Monroe, 40 miles south from the White 
Sulphur, have been known and distinguished as a watering-place for more than 60 
years. 

• •••••• 

The Salt Sulphur Springs, near Union, in Monroe County, afford a valuable minenl- 
water. 

• • • # # * • 

In addition to the springs already mentioned, there are in various parts of the State, 
indeed in every great section of it, mineral-fountains that are well worthy of public 
attention. 

Among these are the Blue Sulphur Springs, in Greenbrier County, once a place of 
much resort and an excellent mineral-water, and Guinn’s Springs, in Fayette County, 
near the month of Lick Creek. 

# • # # # • • 


TRANSPORTATION. 


The following are some of the transportation companies now in operation: 

• •*•#•* 

Chesapeake and Ohio Railroad. —In the southern part of the State, with its eastern 
terminus on tide-water at Richmond, Va., and its western at Huntington, on the Ohio 
River. It passes through the counties of Greenbrier, Monroe, Summers, Fayette, Ka¬ 
nawha, Putnam, and Cabell, having as its principal stations the White Sulphur Springs, 
Lewisburg, with Ronceverte as the depot, 3 miles distant; Quinnimont Furnace, 
Kanawha Falls, Coalburg, Charleston, Saint Albans, Barhoursville, and Huntington, 
whence it is 160 miles by the Ohio River to Cincinnati. 

* # « • • • • 

Coal River Railroad Company. —To build a railroad from Saint Albans, in Kanawha 
Connty, up Coal River to the junction of the Marsh and Clear Forks, in Raleigh 
County, to have a branch running up Little Coal River to Boone Court-House. Ob¬ 
jects: To develop the mineral and timber resources of Coal River. 

Gauley River Railroad Company. —To build a railroad from the month to the head of 
Gauley River, passing through Fayette, Nicholas, and Webster, into Pocahontas. Ob¬ 
jects : To develop the mineral and timber resouices of Gauley River. 

• # # m • * * 


New River Railroad, Mining, and Manufacturing Company .—To build a railroad from 
the Chesapeake and Ohio Railroad, at the month of Greenbrier River, np New River 
to the State line. 

*#*»*#* 


Paint Creek Railroad Company. —To build a railroad from the Chesapeake and Ohio 
Railroad, at the mouth of Paint Creek, up that, stream, in Kauawha and Fayette Coun¬ 
ties. Objects: To develop the coal interests of Paint Creek. 

# * 0 0 0 0 0 


West Virginia Railroad Company. —Beginning at or near the month of the Big Sandy 
River, in Wayne County, their railroad will run thence in an easterly direction to the 
Kanawha River, near Saint Albans, in Kauawha County; thence to Charleston, at A© 
mouth of Elk River; thence up that stream for 150 miles; thence northeasterly to the 
South Branch of the Potomac; and thence down the same to its mouth, passing through 
the counties of Wayne, Cabell, Putnam, Kanawha, Clay, Braxton, Webster, Randolph, 
Pendleton, Grant, Hardy, Hampshire, and Morgan. 
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West Virginia Central Railroad Company. —From Charleston, their railroad will ran up 
the Kanawha; thence up Gauley to its head; and thence through Pocahontas County 
to Harrisonburg in Virginia, passing through the counties of Kanawha, Fayette, Nich¬ 
olas, Webster, and Pocahontas. 

• •*••** 

Great Kanawha River is navigable all the year round, except in exceptional cases, 
when navigation is impeded by ice, from the Ohio to Brownstown, a distance of 70 
miles. In a good stage of water we can go up to Loup Creek, 22 miles higher. In low- 
water only the smaller classes of boats can rnn. In order to give the enormous min¬ 
eral interests of this stream a free exit to the Ohio all the year, the United States Gov¬ 
ernment is now locking and damming it so that 6 feet of water can always be expected. 
Prom Malden, 6 miles above Charleston, there is a weekly line of boats to Cincinnati 
and a daily line to Gallipolis, ou the Ohio, and tri-weekly connections with Parkers¬ 
burg and Cincinnati packets. 

*•**•#• 

Big Coal River , in Kanawha and Boone Counties, is improved by locks and dams by 
the Coal Kiver Navigation Company to the Peytona Mines, 35 miles above its mouth. 
Many years ago Little Coal River, a branch of Big Coal, was locked and dammed for 
the first few miles for the accommodation of the Marao Mining Company, but the 
works have now gone to rain, owing to the suspension of the mines. This stream 
could be improved as high as Boone Court-House, which is some 40 miles from the 
Kanawha. 

Grttnbrier River. —The Saint Lawrence Boom and Manufacturing Company, whose 
boom and saw-mills are at Ronceverte, Greenbrier Connty, have a charter to improv- 
tbe navigation of this stream. The work so far done has been to remove the obstruc¬ 
tions to the lumber business, so that logs can come down freely. 

New River. —The Greenbrier, New, and Kanawha Rivers is the intended route of the 
James River and Kanawha Canal from Richmond, Va., to the Ohio River. The gap 
still left for completion between this last point and Buchanan, on the James River, in 
Virginia, is 207 miles. 

»*«•«*# 

Gauley River. —In 1872 a charter was granted the Gauley River Improvement, Manu¬ 
facturing, Mining, aud Lumber Company, giving it the exclusive privilege of improv¬ 
ing the river by removiug obstructions to the navigation, and by constructing aams, 
by cutting a canal, or by sluices. So far, the only work done has been to improve the 
navigation so that logs can come down freely from Peter's Creek, which is some 20 
miles above the Kanawha. 

EUc River.— 1 The Elk River Navigation Company have put in one dam above Charles¬ 
ton, and the stream has been so improved that on a good stage of water a small steam¬ 
boat can go up 70 miles to the furnace of the Elk River Iron and Coal Company. In 
this distance, according to the survey of the Northern and Southern West Virginia 
Railroad, the fall of the river is 206 feet. 

• » # • # # # 


FAYETTE COUNTY. 


The surface of Fayette is hilly, mountainous, and high table-land. The hills and 
mountains usually are not precipitous, and have a fertile soil. The soil is a rich light 
loam and a sandy loam, which is well suited for the culture of tobacco. 

There are some fine bottom-lands. Ou Meadow River the soil is 6 inches deep on 
the hills and 12 inches or more on the levels. 

The grains and crops especially suited to the lands are corn, oats, wheat, rye, tobacco, 
and grass. 

The principal exports are coal, timber, tobacco, and stock. 

Principal industries are coal-mining, farming, lumbering, and stock-raising. 

Markets: The tobacco goes to Richmond, stock to Baltimore, timber to New York 
and Cincinnati. 

Minerals: Coal in large amounts, in fine, workable seams—soft, bituminous, splint, 
and cannel; the two former are those miued and shipped. Some limestone, but poor; 
fine sandstone for building purposes. The mineral-waters are alum and chalybeate. 
Several important coal mines are in operation in this county : the Gauley Kanawha 
Coal Company, (limited;) LongdaleCoal and Irou Company; New River Car Company; 
Nuttallburg mines; Coal Valley Coal Company, and a new mine now being opened by 
George Straughan. Besides these there are several mills and factories, among which 
we may mention the Fayetteville Tobacco Factory, makiDg 2,568 pounds yearly; Junc¬ 
tion Saw-Mill Company; Atlantic Barrel Company; Kooutsman & Co.’s shook and stave 
factory; Kanawha Falls Lumber Company. 

The principal streams are the Gauley, New, and Kanawha Rivers. The Kanawha is 
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navigable six months for steamboats and twelve months for batteaux ; Gauley, eight 
mouths for batteaux and twelve months for canoes for 12 miles; New River in the 
lower p^rt is too rough for canoes even ; in the upper part it is navigable for batteaux. 

The lines of transportation are the rivers and the Chesapeake and Ohio Railroad, 
and the James River and Kanawha turnpike. 

Contemplated improvements: Locking and damming Kanawha and New Rivers, and 
the continuation of the James River aud Kanawha Canal from its present eastern 
terminus. 

Public schools, 63; post-offices, 23; churches, 10 ; population, 6,647. Valne of tax¬ 
able property, $1,440,839.83. County-seat, Fayetteville; newspapers, Fayetteville En¬ 
terprise, weekly. 

******* 


GREENBRIER COUNTY. 

This county on the eastern and western sides is mountainous, the western mountains 
rising high above the sea, but not so much in proportion above their bases. 

They are not too rugged for cultivation in parts, or for grazing. 

The central portion is a rolling platean, embracing very fertile and highly cultivated 
grass and grain lands. The soil on the eastern aud western sides is a red clay or clay 
loam. In the central portion, over the limestone, the soil is yellowish-red, clayey and 
calcareous loams. The depths on the hills are 4 to 6 inches; on the levels, 12 to 18 
inches. The crops best adapted to the land are corn, wheat, oats, buckwheat, grass. 
Corn produces on the levels 20 to 40 bushels; wheat, 15 bushels; oats, 30; buckwheat, 
30; potatoes, 100. On the hills corn produces 10 to 15 bushels; oats, 15; wheat,8; 
buckwheat, 35; potatoes, 75. No rnauure used for these yields. The value of the 
land is: Best agricultural, $20 to $50; second-class and rougher land, with less im¬ 
provements, but some subsoil, $2 to $10; timber-lands, $1.50 io $6; iron and coal lands 
are worth from $2.50 up to $100, according to distauce from railroad and richness of 
deposit. In the northern part, near the Greenbrier River, is a good deal of valuable 
timber, especially white pine. Timber is worth, stumpage, $1.25 per 1,000 feet; at 
the mills, $6 to $7.50. The principal industries are farming and stock-raising. The 
princi(Al exports are grass-fed cattle, sheep, horses, wool, &c. The country is emphat¬ 
ically a grazing one. 

The market for stock is Baltimore; some goes to Richmond. Surplns grain is fed to 
shipping-stock. Horses go to North Carolina and East Virginia. For timber, Bal¬ 
timore and other eastern cities. 

In the western part some workable seams of coal; fine workable iron-ores on An¬ 
thony’s and Howard’s Creeks and elsewhere. Limestone in abundance of all qualities, 
for agricultural, building, and hydraulic lime; clays,suitable for rough crocks, are 
found, and these were made for years at Lewisburg. Excellent grit for grindstones is 
found. 

Mineral springs: White Sulphur, Bine Sulphur, and Alum. Many chalybeate springs. 
Coal was formerly worked on Little Sewell, and hauled 22 miles to Lewisburg; now 
discontinued on account of more ready transport on the Chesapeake and Ohio Rail¬ 
road for the coals farther west. Manufactories: 4 carding-mills, 3 woolen mills, 1 tan- 
yard exporting leather, and several smaller ones; Saint Lawrence Boom and Manu¬ 
facturing Company. The Greenbrier River is the principal stream, and is navigable 
for canoes and batteaux on rises. Means of transportation, Chesapeake and Ohio Rail¬ 
road, and turnpikes. 

Contemplated lines: The Pittsburgh, Virginia and Charleston RaUroad. 

Schools: Lewisburg Female Institute, nigh school at Frankford, and 68 pnblie 
schools. Post-offices, 22; churches, 35; population, 11,417. Taxable property, $4,524,- 

562.59. County seat, Lewisburg; newspaper,Greenbrier Independent, weekly. 
******* 


KANAWHA COUNTY. 


The topography of this county is hilly and mountainous. The hills in the west are 
comparatively low; in the middle portion they become quite high, and in the western 
part they become mountainous. Much of the surface is quite rough and broken. The 
valleys are usually narrow. The soil is naturally productive, and is quite deep. On 
the hills it varies from 4 to 12 inches, and on the levels from 12 inches to many feet 
The crops suited to the lands are com, wheat, oats, rye, and tobacco. On the bottoms, 
as those along the Kanawha, the yields are high. Corn produces 40 to 60 bushels; 
oats, 30 to 40 bnshels; wheat, 10 to 15 bushels; tobacco, 1,000 to 1,400 pounds. On the 
hills corn produces 20 to 50 bnshels; oats, 20 to 25 bnshels; wheat, 8 to 10 bnshels; 
tobacco, 800 to 1,000 pounds. Value of improved lands, $5 to $50; of mineral-lauds, 
coal, $10 to $100, according to location and deposits; timber-lands, $5 to $20. Valne 
of timber, stumpage, 2 to 3 cents; at mill, 8 to 10 cents per cubic foot. 
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Principal industries: Farming, lumbering, coal-mining, and the manufacture of salt. 
Principal exporta, coal, salt, timber, grain, ami tobacco. Markets for timber, Ohio 
Birerand eastern cities; for grain and farm-produce, Charleston and home. Stock 
goes east, as does some of the timber. The coal goes down the Ohio and to the eastern 
cities. 

The principal minerals are coal, iron, aod salt. The iron is siderite and black-band. 
The former has been worked somewhat. Large exports of salt are made, mainly down 
the Ohio aud to Richmond. Fire-clay was worked and shipped to Cincinnati. Sand¬ 
stone for building can beobtaiued of good quality. There are; 1 tobacco manufactory, 
manufacturing 648 pounds; 3 cigar-manufactories, making 51,100 cigars; 1 brewery, 
making 722 barrels; 1 bromine-works. 

Mints: These are exclusively of coal, which is commou bituminous, splint, andcan- 
nel. The mines now in operation are Bibby’s mine, Pioneer Coal Company, Camp¬ 
bell’s Creek Coal Company, J. B. LeWis & Co., Coalmont Coal Company, Houston 
Mining and Manufacturing Company, Kanawba and Ohio Coal Company, Hampton 
Mines, Blacksburg Mines, Blackberry Mines, Enterprise Coal and Iron Company, Ka¬ 
nawha Seini-Caonel Coal Company, Gordon and Seal Canuelton Coal Company, and 
various mines to supply the salt company. Salt companies are Brooks Furnace, Lo- 
rena Furnace, Snow Hill Furnace, Campbell’s Creek Furnace, Pioneer Furnace, a fur¬ 
nace a short distance above Malden ; now building at Charleston, the Kanawha Coal 
aud Iron Fnrnace. Lines of transportation now nsed : Kanawha River, navigable by 
steamboats and barges; Elk, navigable for batteaux in all stages, and for rafts iu full 
water, and also for small steamers, 10 miles. Big Coal is locked and dammed to Pey- 
tona, and used by small steamers and barges. Rafts are sent out of Pocatalico iu full 
stages. 

Contemplated improvements: The locking and damming of Elk, extension of the 
Janies River and Kanawha Canal, Coal River Railroad, Northern and Southern West 
Virginia Central Railroad, Paint Creek Railroad, West Virginia Railroad, the West 
Virginia Central Railroad. Public schools, 125; churches, 37; post-offices, 24; popu¬ 
lation, 22.349. Value of taxable property, $6,430,051. County-seat, Charleston, with 
a population of 5,000. It has 1 woolen-mill, 2 barrel-factories, 10 steam saw-mills, in 
and near Charleston, 1 brewery, l founderv, 2 tanneries. One steam saw-mill is at 
Saint Albans, aud another at Coalbnrg. Newspapers : Charleston Courier, tri-weekly; 

Kanawha Chronicle, weekly ; West Virginia Journal, weekly ; all at Charleston. 
******* 


MASON COUNTY. 


The snrface of this county is gently rolling and hilly, with mnch flat land along the 
Ohio and Great Kanawha. The hills are low and gently sloping, comparatively speak¬ 
ing, and the valleys are wide. The Ohio skirts the county for 50 miles, and tne Kana- 
what passe through its center. The county has 75,000 acres of river-bottom. The 
soil on the flats is a rich loam, very deep. Clay loams, clays, and calcareous loams are 
found on the hills. More than half of the laud is in cultivation, aud the rest contains 
a great deal of fine heavy timber. The levels have a soil from one to many feet deep, 
while on the hills it is from 8 to 12 inches. The crops raised are corn, wheat, oats, 
rye, and the grasses, which do finely. The yields on the bottoms are wheat, 15 to 20 
bushels; corn, 40 to 50; oats, 30 to 40; rye, 30. On the uplands, corn yields about 
30 to 35 bushels; wheat, 10; oats, 25 to 30, &c. No manures used for these yields. 
Com has been produced on the fiats at the rate of 106 bushels iu a 30-acre field. The 
Mason County Agricultural and Mechanical Association holds an annual fair at Point 
Pleasant. Valne of premiums distributed, $1,000. 

The bottom-lands sell for $80 to $100 per acre, the uplands for from $5 to $20; min¬ 
eral-land, (coal,) $200 to $400; timber, stnmpage, is worth $1 per tree; at the mill, $10. 
The principal industries are farming, stock-raising, lumbering, salt-manufacturing, 
mining, &c. Mason pays a good deal of attention to stock and the introduction of 
improved breeds, for the raising of which its fine grass-lands afford many advantages. 
The principal exports are: Coal, 5,000,000 bushels; salt, 2,500,000 bushels; wheat, cattle, 
bromiue, nails, glass, wool, bogs, lumber, &c. Markets: The agricultural products 
and stock go to eastern cities; others down the river. 

Minerals: Coal, in a seam from 5 to 6 feet, is exposed above water-level for 7 miles, 
in the northern edge of the county. Salt-water is furnished from wells 1,000 to 1,200 
feet deep, in the northern part of the county. Clay, for tile-making, is found and 
worked. Sandstone of good quality abounds in the county. Mines: Coal is mined at 
nine different openings from Camden to New Haven City. They send 5,000,000 bash- 
els down the Ohio, and use half that amount in making salt. This is soft bituminous 
«oal. Manufactories: Mason County has one brewery making 126 barrels of beer per 
annum. 

Salt is manufactured by 11 companies, with 13 furnaces. These, with the coal¬ 
mines and other manufactories, make a continuous village along the Ohio for 6 miles. 
There are bromine-works at Cliftou, Mason City, and Valley City, aud two at Hart- 
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ford City. One nail-factory and rolling-mill of large size at Clifton, 2 glass-factories 
at Mason City, 2 stove-factoriee at Hanford City; also, 2 steam saw-mills at Mason 
City, 1 steam saw-mill and 1 keg-factory at Clifton, l tile-factory opposite Point Pleas¬ 
ant, 1 floor, 1 lumber and plan ing-m ill, at Point Pleasant, 1 flour-mill at New Haven 
City, 3 saw-mills along the Ohio above Point Pleasant, and 1 floating-dock at that 
point. Principal streams: The Ohio and Kanawha, both navigable for large steamers. 

Present means of transportation: The Ohio and Kanawha Rivers. Improvements 
contemplated : The improvement of the navigation of the Kanawha; the Washington 
and Ohio Railroad; the W. C. and Saint Louis Narrow-Gauge Railroad; the Pitts¬ 
burg, Wheeling and Kentucky Railroad; Hartford, Mason and Clifton Railroad. 

Public schools, 96; churches, 29; post offices, 22; population, 15,978. Value of tax¬ 
able property, $6,207,710.49. County-seat, Point Pleasant. Newspapers: The Weekly 
Register, The Mason County Journal, both weekly. 

* # * • • • • 


MONROE COUNTY. 

What was said of the topography, soil, products, &c., of Greenbrier, applies in great 
part to Monroe. The surface is hilly and undulating, rising suddenly at some points 
into pretty high mountains. The soil is loam, clay and calcareous clayey loam, pro¬ 
ducing fine farming and grazing lands. Depth on hills, 4 to 10 inches; on levels, 12 to 
18 inonee. Crops are : Corn, oats, wheat, grass, and tobaoco. Com yields, on the level 
lands, 30 to 40 bnshels; wheat, 15; oats, 25 to 30. On the hills: Corn, 10 to 15; wheat, 
8 to 10; oats, 15. Value of the land, which is mainly agricultural, $10 to $50; timber- 
land, $5 to $20. Value of the timber: 8 turn page, 50 cents per tree; at the mill, to 
$15. Principal industries: Farming and grazing. Principal exports: Stock of all 
kinds, and farm produce, tobaoco, &o. Markets for grain and tobaooo. Richmowl; 
for stock, Baltimore. Minerals: Iron in workable quantities, (brown hematite ;) lime¬ 
stone in abundance, for building and agricultural purposes. Several oelebrated min¬ 
eral springs exist in this oouuty, viz: “The Red Sweet,” “Salt Sulphur,” Ac, The 
manufactories are not reported. One cigar-factory is worked, making 3,006 cigais. 
Principal streams, New and Greenbrier rivers. Present means of transportation: 
Chesapeake and Ohio Railroad, and turnpike roads. Contemplated: The New River 
Railroad, the improvement of New River, and the extension of the James River and 
Kanawha Canal. Schools: 1 high school, 1 female seminary, and 69 public schools; 
churches, 32; post-offices, 15; population, 11,123. Value of taxable property, 
$2,891,953.20. County-seat, Uniou. Newspapers: Border Watchman and Monroe 
Register, both weekly. 

»•***•• 


NICHOLAS COUNTY. 

The surface is hilly, moutainons, and platean or glade. The soil is generally good. 
Mach of it is held iu large tracts, and is uuiraproved or in original forest. The soil is 
loam, sandy, and sandy loam; depth on bills, 4 to 8 inches; on the bottoms, 8 to 26 
inches. Crops raised are: corn, oats, wheat, rye, Irish and sweet potatoes; corn being 
on the levels 30 to 40 bushels ; wheat, 10 to 12 bushels; rye, 15 to 20 bnshels; potatoes, 
100 to 150. On the hills: Corn, 15 to 25 bushels; wheat. 8 to 10 bushels; rye, 16 
to 15 bushels; potatoes, 50 to 75 bushels. The unimproved land is worth flora $1 to 
$3 per acre, and the improved $5 to $15. Timber is worth, stumpage, about $1 per 
tree; at the mills, $7.50 to $12. Principal exports: the products of farming, grazing 
and lumbering. For want of means of transportation bnt little is sent out of die 
county, and this is mainly timber and stock. Market for stock, Baltimore; for timber, 
month of Ganley, where it is sawed up. Minerals: Coal, bituminous, (ordinary!) 
splint, and cannel, in workable seams above water-level. Good sandstone for build¬ 
ing ; also millstone and grindstone grits. Brine has been found in the county. Prin¬ 
cipal stream: Gauley, navigable for rafts and single logs on fall tides. Present means 
of transportation : County roads. Contemplated : Improvement of the navigation of 
the Ganley, Gauley River Railroad. Publio schools, 49; churches, 11; post-offices, 8- 
Population, 4,458. Value of taxable property, $990,847. County-seat, Summerville. 
»#**#*• 


PUTNAM COUNTY. 


This oounty is generally hilly and rolling. It has a good deal of bottom land of con¬ 
siderable fertility on the Kanawha and the numerous creeks. These bottoms are a 
mile wide on the Kanawha, and have a deep loam. Oq the hills the soil is clay and 
calcareous clayey loam, of considerable productiveness. The county is wooded over 
five-sixths of its area. The crops are corn, wheat, oats, buckwheat, and tobaoco. 
Yields of corn on the bottoms are 50 to 80 bushels; wheat, 12 to 15 bushels; oats, 25 to 
30 bushels; while on the hills corn produces 20 to 30 bushels; wheat, 8 to 10. Tbs 
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8*3 on the bottoms is many fleet deep, and on the hills 19 to 18 inches, producing fine 
gran and tobacoo. Value of land: Kanawha bottoms bring $100; other lands from $1 
to $20, according to location and condition. Timber, stum page, is worth about $1 per 
tree; at the mills, $13. Principal industries: Farming and lnmbering. Principal 
exports: Lumber, cooperage stun, grain, and coal. Staves, &o., go to England ; form 
produce to Richmond and Cincinnati; Timber, in logs, and coal are sent down the 
river to Cincinnati, &o. Minerals: Coal of fine quality and workable in quantity is 
above water-level. Some good limestone and sandstone suitable for building occurs. 
Mines: Raymond Coal Company, shipping annually from 1,300,000 to 1,400,000 oushels; 
Oak Ridge Colliery has just commenced operations. Manufactories, &c.: A large flour¬ 
mill at Buffalo; flour and saw mill at Winfield; saw-mill at Hurricane and at Raymond 
City, all driven by steam. Principal streams: Kanawha, navigable for steamers; 
Pocatalico, navigable for batteaus and rafts in good water. Present means of trans¬ 
portation: Kanawha River and Chesapeake and Ohio Railroad. Contemplated: Im¬ 
provement of the Kanawha River, now going on, and the West Virginia Railroad, 
rublio schools, 48; churches, 14; post-offices, 11; population, 7,794. Value of tax¬ 
able property, $1,823,624. County-seat, Winfield. Newspaper, Winfield Independent, 
weekly. 

• • • • « • # 


RALEIGH COUNTY. 

The surface of Raleigh is hilly and mountainous, with a large proportion of platean- 
laod, covered with undulating and rolling hills. The rivere out deeply into the plane 
of the country, and the roughest land lies in the sides of the bills facing them. The 
soft is loam or sandy loam, 4 to 6 inches deep on the hills, and 6 to 10 inches, or more, 
on the levels. The hills and levels produce about alike. The crops are corn, wheat, 
oats,buckwheat,and potatoes. Yields are: Corn, 20 to 40 bushels; oats, 20 to 25;. 
wheat, 10; rye, 15 to 25 ; potatoes, 100 to 150. Prioe of agricultural land, $5 to $15; 
of timber and coal lands from $1 to $5. Timber is worth 50 cents to $1 per tree, ac- 
cording to kind and location; at the mills, $10 per 1,000. Priucipal industries, farm¬ 
ing and stock-raising. Principal exports, cattle. Market-cattle go to Baltimore. 
Manufactories, &c., several steam saw-mills, besides the usual grist and saw mills on 
streams. Minerals: Coal, in workable seams, of good quality ; iron, in workable quan¬ 
tities ; sandstone, of good quality for building ; good millstone grit. Principal streams i 
New River, navigable for batteaus: Pioey River, for logs in full water. Present means 
of transportation: Chesapeake and Ohio Railroad aud couuty roads. Contemplated : 
the improvement of New River and the Coal River Railroad. Public schools, 47; 
churches, 4 ;|post-offices, 10; population, 3,673. Value of taxable property, $730,862.19. 
County-seat, Raleigh Court-House. 

• • • # • * * 


F 7. 

IMPROVEMENT OF NEW RIVER, FROM TITE LEAD-MINES, IN WYTHE 
COUNTY, VIRGINIA, TO THE MOUTH OF GREENBRIER RIVER, WEST VIR¬ 
GINIA. 

A survey of this portion of the New Eiver was made in 1872, and a 
report submitted January 9, 1873, which may be found in print in the 
Annual Report of the Chief of Engineers for 1873, beginning at page 
852. Two estimates were therein made for the improvement of the 
river. 

The first looked to facilitating the navigation by the keel-boats now 
used, at a cost of $100,000. This was to be accomplished by construct¬ 
ing slight deflectors or dams of rock and brush, in order to concentrate 
the volume of the water and increase the depth over the shoals from 
the present average of about 12 inches to about 2 feet, which could be 
done without too much increase of velocity. And some of the falls, 
which are almost always vertical and of an average height of about 4 
feet, eould be greatly improved by blasting sluices through them about 
30 feet in width and of an average length of 50 feet. In many cases the 
fells have already natural chutes or sluices through them susceptible of 
a similar improvement. 
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But there is a strong demand for the introduction of steamboats on 
the river. Hence the second estimate, which was for a 3-feet steam¬ 
boat navigation, to cost $1,000,000. It was supposed that light-draught 
steamboats could, for short distances, ascend a grade of 1 in 400, with 
a current of 5 miles an hour. It was therefore proposed to excavate 
sluice-ways 90 feet wide and 3 feet deep through all shoals having a 
grade not exceeeing 1 in 400. Where the grade exceeds this, low regu¬ 
lating dams were proposed, with sluices having a fall not exceeding 1 
foot at each. In several cases dams were to be introduced containing 
locks, and in two other places lateral cauals. 

The first appropriation made for this improvement was $15,000, Au¬ 
gust 14, 1876, but authority for its expenditure was not given until in 
May, 1877. As this appropriation was insufficient for a general im¬ 
provement, it seemed necessary to confine what should be done at pres¬ 
ent to a limited portion of the river and to that scheme which involved 
the least expense, viz, for the keel-boats now in use; it being the under¬ 
standing that what is first done in* the smaller improvement should be 
arranged with a view to its utilization and adaptation some future day, 
when the means provided shall suffice to enter upon the improvement 
of the river for light steamboats. 

It seemed also expedient that the first portions of the river treated 
should be in the vicinity of New River Bridge, in order to facilitate 
communication of at least a portion of the country through which the river 
flows with an existing outlet east and west, the Virginia and Tennessee 
RaHroad, which is itself in connection with the whole system of rail and 
water intercommunication of the country. 

Captain J. W. Cuyler, Corps of Engineers, has been assigned to the 
immediate supervision of this work, which is expected to be completed, 
as far as the available fuuds will allow, before the close of 1877. 


Money statement. 

Amount appropriated by act approved August 14,1876. $15,000 00 

July 1, 1877, amount expended during fiscal year.. 78 25 

July 1, 1877, amount available... 14,921 75 

Amount (estimated) required for completion of existing project. 85,000 00 


Amount that can be profitably expended in fiscal year ending June 30,1879. 50,000 00 


F 8. 


IMPROVEMENT OF THE CAPE FEAR RIVER, NORTH CAROLINA. 


At the close of the fiscal year ending June 30,1876, all work on the 
river was suspended, except the making of some hydrographic examin¬ 
ations of small extent aud a few tidal observations. 

An appropriation of $132,500 was made by the act of August 14,1876, 
of which $110,000 became available about the middle of September. 
Proposals for stone with which to continue the construction of the clos¬ 
ing work between Zeke’s Island aud Federal Point were at once called 
for, and received October 16. Fourteen were received, but they were all 
too high aud were rejected. A new advertisement was issued, under 
which bids were received November 8. A contract for the delivery of 
about 45,000 cubic yards of stone was awarded to Bangs & Dolby, to 
be delivered by end of 1877. They commenced delivering in Jauuaiy, 
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and op to July 1, 1877, have supplied 20,304 yards. The stone comes 
from the Magnolia quarry on the uorthwest branch of the river, about 
14 miles from Wilmington. It has been chiefly placed on the sections 
of the apron next to Zeke’s Point and Federal Point. The closing work 
is as high as low-water for about two-tilths of its length between these 
two points, but the full width has not yet been giveu to it. 

The name of Zeke’s Island has come to be a misnomer, as there is 
now a continuous bank of sand, making but one island of the two so 
long called Smith’s and Zeke’s Islands. At Federal Point, during the 
year, there has also been a general accretion, and an extension of the 
shore-lines into the sea, and the general surface has risen. 

Two destructive storms have occurred duriug the year, both combined 
with very high tides. The first was in the middle of September, 1876 r 
and the other in the middle of April, 1877. No damage of importance 
was done by either, and in some respects their effect was beneficial.. 
The storm of April is believed to have been the most severe experienced 
on the Cape Fear River for more than forty years. 

No great chauges have occurred during the year in the shore lines of 
Baldhead Point and the opposite point of Oak Island. 

The depth in the Baldhead Channel has fallen off a little since the 
saction-dredge ceased operating there. The least souudiugs are 10£ 
feet at mean low-water, but generally 12 feet aud over, excepting for 
short distances over soft sand. On the inner bar of the Oak Island 
Channel the depth has lately increased somewhat, and is now about 8£ 
feet at mean low-water. The new cut behind the Horseshoe Shoal has 
shoaled near the upper end, opposite New Inlet. The complete closure 
of New Inlet will probably be needed for the permanence of this cut. 
The new-dredged channel at the “Logs” has answered its purpose well* 
bat its width, 130 feet, is not sufficient. It should be increased to 250* 
feet, and the revised estimate provides therefor. 

The indications still lead one to expect a favorable conclusion at no 
distant day to this interesting and important work, if sufficient funds* 
be provided for its proper progress. 

Extensive surveys have been made during the year by Mr. Bacon. 
The suction-dredge has been laid up since early in 1876 for want of 
funds. She needs extensive repairs and improvements, (recent inven¬ 
tions,) but her working in the Baldhead Channel is quite important, and 
her thorough refitting is therefore included in the revised estimate. 

Mr. Henry Nutt, chairman of the committee of the Chamber of Com¬ 
merce of Wilraiugton on the improvement of the Cape Fear River, has 
continued, as heretofore, to exhibit a laudable and marked interest in 
the work, and has furuished much valuable statistical information rela¬ 
tive to the commerce on the river, all of which is appended hereto. 

Mr. Henry Bacon has continued in the immediate supervision of this 
important improvement in his usual faithful and efficient mauuer. 

Money statement 


July 1,1876, amount available.$‘22,722 72 

Amount appropriated by act approved August 14,1876. 132,500 00 

-$155,222 72 

July 1,1877, amonnt expended during fiscal year. 03,434 12 

July 1, 1877, outstanding liabilities. 3,856 35 

- 67,290 47 


July 1,1877, amount available. 87,932 25 

Amount (estimated) required for completion of existing project.. 160,000 00 


Amount that can be profitably expended in fiscal year ending June 30,1879. 160,000 00 


Digitized by 


Google 
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Cepe fear Bivtr, North Carolina ; proposals for furnishing amd delivering stone ; bids opened 
at 12.5 p, m. November 8, 1876. 
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Alfred Sannaoo, Quincy, Man_ 

F. R Smith. New York, N. Y. 

4,0S0 

$5 96 

! Doe. 8,1876 

Dec. 8,1877 

1 

S 

4,000 

3 97 

Dec. 1,1876 

Dec. 1,1877 
Deo. 1,1877 


3 

Fowler Sc Gilbert, Georgetown, D. C 
Bangs Sc Dolby, New York, N. Y.. 

4,000 

4 24 

Dec. 1,1876 


4 

4,000 

1 89 

Dec. 1,1876 

Dec. 1,1877 


5 

l 

1 French^Rose, Wilmington, N. C.. 

4,000 

1 97 

Nov. 20,1876 

Nov. 20,1877 

| Contract awarded. 


REPORT OF MR. HENRY BACON, ASSISTANT ENGINEER. 


United States Engineer Office, 

Smithvilley N. C., Jane 10, 1877. 

Major: 1 have tbe honor to submit the following report of operations for the im¬ 
provement of Cape Fear River, North Carolina, duriug the eleven months ending May 
31.1877. 

Tbe work done has been mostly confined to stone-filling on the timber, brush, and 
stone foundation which was placed entirely across the New Inlet, from Federal Point 
jetty to Zeke’s Island, daring the previous fiscal year, and fully described in the last 
annual report, the object of the work being the speedy closure of the New Inlet, which 
is considered the most important step iu the improvement of the river. 

All operations, excepting for slight repairs of the old works, and surveys, examina¬ 
tions, and tidal observations, were suspended during the first six months, on account of 
the approximate exhaustion of the former appropriation and the non-availability of 
tbe appropriation of 1876, and delays incident to advertising and awarding the work. 

After twice advertising, the work was finally awarded to Messrs. Bangs & Dolby, at 
$1.89 per cubic yard for riprap stone delivered and placed on the apron-foundation to 
the required height, width, and slopes. The contract was executed December 16,1876, 
and tbe work began in January, 1877. 

The following are the amounts of stone delivered duriug the several months: 

Cubic yards* 


January, 1877. 763 

February, 1877. 2,147 

March, 1877 . 3,561 

April, 1877. 3,226 

May, 1877. 6,050 


Total 


15,756 


The hinderanoes incident to tbe season of the year, and opening and developing the 
quarry, prevented the delivery of stone as fast as the contract required. These are 
now overcome, and there is a good prospect for the delivery of the full amount within 
tbe time required. 

The stones have all been taken from the Magnolia quarry, about 14 miles above Wil¬ 
mington, on the northwest branch of the river. It is a peculiar species of limestone, 
meetly bine, weighing about 144 pounds per cubic foot. It comes from the quarry in 
excellent shapes to form a compact and coherent mass. 

The stones have been placed mostly on the sections of the apron next to Zeke’s 
Island and Federal Point and on the old crib-jetty foundation which forms a part of 
tbe closing work, tbe supemtracture of which had been worm-eaten and washed out. 

At Zekefe Island the sand beach has dosed over about 400 feet length of the apron, 
and tbe stone filling is made nearly to mean low-water for a farther distance of about 
500 feet. Tbe whole of the section next to Federal Point, 020 feet in length, with 400 
feet ieagth overtbe old jetty, making 1,320 feet, is nearly filled to mean-low water, and 
on all but the southerly 300 feet there is a ridge of stone from 2 to 4 feet above low- 
water, bat the quantity is not eqnivalent to 16 feet width with the required slopes, 
and will require additions. 

The whole length of the apron was 4,352 feet, and with the jetty as above the length 
from shore to shore was 4,762. 

It was expected that the foundation-mattresses would require widening in places, 
and that perpendicular jetties might also be required ho arrest the disposition to scour 
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by currents parallel to the apron. Preparations for the work have been made. Tim¬ 
ber for about 300 feet length and 40 feet width has been purchased, and the appliances 
for placing the mattresses made ready. The necessity for this work is not yetapi 
parent. The further purchase of materials has been suspended. 

In the vicinity of the New Inlet, at the center and westerly side of the main channel, 
as well as along Snow’s marsh, the tidal currents are up aud down with those of the 
natural entrance at all stages of the tide, while ou the eastern side of the main chan¬ 
nel adjaceut to the inlet the currents are directly affected by the inlet. The first flood 
of the inlet joins the main ebb-tide at Zeke’s Island, And flows with it till met by the 
main flood. At the same time the inlet flood presses latterly and upward into the 
main ebb in well-defined lines till the main flood forces it back again, so that finally,at 
the last of the inlet flood, the main flood crosses the line of the apron at the section 
next to Zeke’s Island, and rnns parallel to the middle section, aud recrosses the section 
next to Federal Point. These currents soon change with the ebb-tide of the inlet, 
which draws with it a considerable amount of the main flood, till the main current 
turns down. The mniu current is up for &□ hour or more, after the beginning of the 
inlet ebb, and is down for an equal time after the inlet flood begins. The time of low- 
water at Snow’s marsh (opposite New Inlet) is apt td be about half an hour behind 
that at Federal Point, while that of high-water is nearly simultaneons. 

These tidal movements, while exhibiting the overwhelming volume of entrance 
tides, and comparative insignificance of those of the New Inlet, demonstrate the great 
disturbing forces of the inlet and point to the conclusion that at the final closure of 
the inlet, the range of the tides will be increased in the great tidal reservoir, and 
this, with the large amount of water now flowing in and out at New Inlet, will be 
added to the scouring power at the mouth. 

In short, the general effect of the New Inlet is to retard the main flood, and after¬ 
ward draw off a portion of it, and in a similar manner to retard the main ebb and add 
to its volume at the time of its meeting the main flood, thus preventing the filling and 
emptying of the great tidal reservoir, and reducing the power of the currents at the 
mouth. 

By reference to the table of tidal observations and results annexed hereto, it will be 
seen that the comparative range of the tide is about 16 per cent, greater at Smithville 
than at Federal Point, while it is only about 6 per cent, greater at Federal Point than 
at Campbell’s Island. The distances are about 5 miles from Smithville to Federal 
Point and 12 miles from Federal Poiut to vhe place of observation at Campbell’s 
Island. 

' The effect of the work done daring the present season is perceptible. The inlet 
flood does nqf, force itself so far into the river, and the influence of the ebb-tide is also 

E erceptibly less. There is good reason to attribute the late inorease of depth which 
as occurred at the “Rip” of the western entrance channel to this work. This 
increases the importance of assisting the natural forces in opening the Bald Head 
Channel, a subject to which I will hereafter recur. 

A series of tidal observations will be made during the present month at several 
points in the river, and especially at Smithville, Federal Poiut, and Campbell’s Island, 
to exhibit by comparison with similar observations of 1876 the variations caused by 
the work doue. 

At Federal Point, during the year, there has been a general accretion aud an extend 
sion of the shore-liues into the sea. At the old jetty aud some other places there ha* 
been some abrasion. The general surface has riseu. The abrasion at the jetty was 
probably occasioued by the washing away of the old superstructure, which has occur¬ 
red during the year. 

Considerable changes have occurred at Zeke’s Island. The beach, which at the end 
of the year had closed over 175 feet length of the apron, has since closed overs 
farther distance of about 225 feet. There has been alternate accretion and abrasion, 
especially near the junction of the old works with Smith’s Island. A shoal on the 
easterly side of the island has gradually risen, and at the same time moved westward 
toward the island, till it is now an island small in extent, above ordinary high-water. 

Two destructive storms have occurred during the year, both combined with very 
high tides. The first was September 17, 1876, and the other April 13, 1877. The first 
storm carried away two sections of the old superstructure, each about 150 feet in 
length; one about 900 feet from the end of the apron,.and the other at the more 
exposed place, about 600 feet from the end of the works, at Smith’s Island. The tim¬ 
ber was completely worm-eaten below mean tide, so that but little force beyond the 
buoyancy of the water was needed to move it. All the stone were left, and still remain 
intact, at the first-named place. At the other place, near Smith’s Island, where the 
gap was exposed to the sea, some of the small stones Were washed out by the first 
storm, and the water flowed back aud forth at a little above half-tide. This was 
repaired by placing a small quantity of stone in the gap, over which sand and beaeh 
soon closed, after a large amount of sand had been washed through the breach from 
the sea-side, thus leaving the old works stronger than before. 
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At the mat storm of April 13. 1877, when the very high tide whieh covered every- 
partof Zeke’s Maud, iucluding all the superstructure and only excepting a few grassy 
sand-hills at the head, was combined with a terrific northeast gale, the passage through 
the breach was again made, and more of the small stones washed out, leaving the 
foandatiou, which was composed of large stones, secure. This has since been repaired 
by placing more stone in the breach, and the beach has agaiu closed over it. During 
the same storin, about 350 feet length of the old worm-eaten superstructure near the 
other breach was tilted up but not carried away, as it was not exposed to the sea. The 
donu and waves swept furiously across the island, and cut dowu its general crest-level 
from 1 to 3 feet, carrying the sand into the hollows and over the works to the river¬ 
side. This storm, which is believed to be the severest that has occitred at Cape Fear 
Kiver for more than forty years, left Zeke’s Island in better condition than before. 

Its effect ou the long sand-spit of Smith's Island was remarkable. This beach, for 
several miles southward from the head, has lieen lined with a wall of sand-hills siune 
the loeinoi y of the oldest inhabitants of 3mithville. These were nearly all swept clean 
by the storin, and spread over the Adjacent marshes aud flats to a width of from 300 to 
5U0 feet, and graded as nicely as if artificially done. A few sand-hills are left at the 
head of the isiaud, aud a few f trther south, which are well back on the ina'sh. Near 
the place of the former “swashes,” about 3 nubs from the head of the isiaud/ the sand 
is washed away, leaving the marsh, which is the foundation of the whole beach, nearly 
bare, and the water passes across at less than half-tide, but not at low-water. For 
some time after the storm the spring-tides washed across nearly 3 miles of this bea *h. 
Ever since the storm, the natural forces of wind aud waves have teuded to strengthen 
the beach aud close i he “ swashes.” The crest of the beach has risen from 1 to 3 feet 
for several miles, and it is probable that the sand-hills will again rise. There is a 
slower tendency to closing the swashes. There seems to be no danger of a permanent 
inlet, as the water is very shoal in the bay, and has been made more so by the storm. 
A good field is now presented for planting and propagating beach-grass on ground thus 
leveled and graded aloug this island. Experiences in other similar localities seem to 
demonstrate its probable efficiency h»*re iu preserving this beach. 

No great changes have occurred during the year in the shore-lines of Bald Head' 
Point and the opposite point of Oak Island. 

These appear to be rather favorable than otherwise to the development and preser¬ 
vation of Bald Head Channel, as the present condition of the point interferes less with 
the general direction aud force of the main chauuel, and thus diminishes the tendency 
to force the main current over the “ Rip” into the western channel. 

There has been very' little change iu the Bald Head Channel daring the year either 
in position or depth. The shortest sonndings are 10$ feet at mean low-water, and gen¬ 
erally 13 feet and over, excepting for short distances, over soft sand. At tile “ Rip ” of 
the western channel the depth has lately increased to 8} feet at mean low-water. 

The new cat behind the Horseshoe Shoal has retaiued the depth originally dredged, 
excepting for about one-third of a mile leugth at the upper end, where a constant 
tendency to shoal has been noted, cansed by the tidal currents crossing it obliquely, 
particularly of the ebb-tide. The original depth of 12 feet atfinean low-water is reduced 
to 8} feet at some places, and there is a general shoaling on all this portion of the cnt. 
This tendency will be cared to some extent by the closing of New Inlet. An estimate 
for dredging and widening the upper end of the channel is append* d. 

The new dredged channel at the “Logs,” near Canipliell’s Maud, retains the original 
depth. It is only 130 feet in width, and should be widened to muke it more service¬ 
able. 

An estimate for widening it to 350 feet is appended. 

1 have made an exhaustive hydrographic survey of the channel and vicinity. The 
map has been completed under my direction and forwarded to yon. 

Alike survey of tbe river between New Inlet, Snow's marsh, and the deep water 
above Federal Poiut, aud below Price’s Creek light -house, is nearly completed. In 
both surveys tbe soundings were all made with a pole and trigonometric illy located. 

Surveys and examinations have been made from time to time at the New Inlet, over 
the apron and on each side of the same also of Federal Poiut, Zeke’s Maud, Smith's 
Island, and Bald Head Point, and the results reportod. 

The snetion-dredge Woodbury has been laid up at Carapliell’s Island daring the 
whole year, nnder the care of a watchman. Her hull, house, and machinery have 
necessarily suffered some farther deterioration from decay, rust, &c. Her boiler is 
known to be worthless; the engines and pumping apparatus are in reasonably good 
order. 

A series of nimnltaneons tidal observations, l>egun in June, 1876, has been contifiued 
doring tbe year, especially at Smithville and Campbell’s Island. 

The zero of reference at all the gauges is placed approximately at one level, by a 
e&reful study of tbe tidal movements. This is 34.55 feet below a bench-mark at the 
root and south side of ilie large liv.-oak tree in front of the Tremont House in Smitli- 
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rille, or 2075 feet below the floor of the front hall of the same house, or 25.16below the 
top of the sun-dial stand in the garrison-yard. 

The level is also preserved at the site of the light-house at Campbell’s Island by 
nails driven into one of the piles to correspond to the number of feet above zero, as: 

2 3 4 5 

It is also preserved at Federal Point by a bench on the center of the north end of the 
second crib, being the end of the base-line (A), which is 7.22 feet above zero of the 
gange. 

Simultaneous observations have l>een taken at the following places: Bald Head 
Point, (inside,) Smithville, at the “Clio,” (aHont 2} miles above Smithville,) fioow’i 
Marsh, (opposite the New Inlet,) Zeke’s Island, (at the old works, abont 800 feet from 
the bead,) Federal Point, Orton Creek, ( Hoiines* wharf,) and Campbell’s Island. These 
results do not show the absolnte range of the tides at the several places, (although 
they do it approximately,) but they exhibit the relative ranges to the extent of the ob¬ 
servations. 

These tidal observations will, on comparison with future observations which may 
be made at the same points after closing the New Inlet, show the effect of that work 
on the tidal movements. 

PROBABLE OPERATIONS OF THE COMING FISCAL TEAR. 

It is hoped that the present appropriation will be sufficient for the filling of the New 
Inlet dike to mean low-water. It is of the utmost importance for the security aud per¬ 
manence of the work that it should be completed to a height of at least 6 feet above 
mean low-water. There will l>e required for this, with the necessary additions to the 
slopes, from 16,000 to 22,000 cubic yards of stone. A portion f r the facibg and cover¬ 
ing should be large stone from other quarries than Cape Fear River. 

While the New lulet is beiug closed it is earnestly recommended that the operations 
of nature be assisted by workiug a suet ion-dredge on the Bald Head Bar. This method 
of dredging is no longer an experiment, and is the best practical method for this place. 

It is believed that the dredge Woodbury can be thoroughly repaired, with a new 
boiler, and in hull and house, and her machinery put in perfect order for $14,000. This 
seems a large estimate, but extensive repairs are required aside from the boiler. 

The importance of assisting the natural forces to concentrate in establishing the 
Bald Head ohannel, at the critical time when they are to be increased by the closure 
of the New Inlet, calls for and justifies all reasonable expenditure therefor. The chan¬ 
nel thus established would probably be permanent. 

The dredging and wideuing of the upper end of the Horseshoe Cut is recommended. 

The widening of the dredged channel just below the “Logs,” and near Campbell's 
Island, to 250 feet width is also recommended. 

The dredging in both these places is more expensive than the ordinary excavation in 
the river, as in the first place it is mostly compact sand, and at the other place a few 
logs and stamps are expected, as in the first cut. 

Every reasonable precaution should be taken for the preservation of Smith’s Island 
beach. A limited expenditure for the cultivation of beach-grass is recommended. 

It is noticeable that the amount of the estimate for completing the closure of the 
New lulet, with the amounts already expended for the same, of the former and present, 
and to he expended of the present appropriation, together with a reasonable allowance 
for superintendence and contingencies, does aggregate to $300,000, the original esti¬ 
mate of cost. 

The following is an estimate for the expenditure of an appropriation of $160,000. It 
is hoped that the full amount will be granted : 


16,000 cubic yards riprap stone from Cape Fear River for filling at New Inlet, 
at $2.......................................................... .......... $32,000 

4,500 cubic yards large stone for facing, covering, and finishing New Inlet dike, 

(in place,) at $4. 18,000 

80,000 cubic yards dredgiug at channel below “Logs,” at 30 cents. 24,000 

60,000 cubic yards dredging at Horsethoe Cut, at 30 cents. 18.000 

Repairs of suction-dredge. 14,000 

Operations of same eight months... 8,000 

Cultivation of beach-grass aod repairs of Smith’s Island beach. 10,000 

Repairs of old works, and superintendence and surveys. 20,000 

Contingencies. 16,000 


160,000 
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Comparative rmnUs of simultaneous tidal observations in Cape Fear Fiver, Kotik Carolina, 
from June 6, 1876, to May 31,1877. 

Smfthville. Federal Pi. 
FseL Fut 

SmithviUe and Federal Point: 

From 184 simultaneous observations of high-water and 184 
aimoltaneons observations of low-water : 

Mi -water average height above zero of gange. 4.88 4.50 

Low-water average height above zero of gange. 0.39 0.62 

Av era g e range..... 4.40 3.88 

Smithrllle. Campbell'e Isl. 

SmithviUe and Campbell** Island: 

From 230 simultaneous observation* of high-water and 205 
simultaneous observations of low-water: 

High-water average height above zero of gange. 4.94 4.54 

Low-water average height above zero of gang*. 0.53 0.91 

Average range. 4.41 3.63 

Federal Pt Campbell’* let. 

Federal Point and Campbell’s Island: 

From 146 simultaneous observations of high-water and 136 
simultaneous observations of low-water: 

High-water average height above zero of gauge.. 4.52 4.46 

Low-water average height above zero of gauge. 0.63 0.79 

Average range... 3.89 3.67 

Highest tide observed at Smitbville April 13,1877.8.10 

Lowest tide observed at SmithviUe January 31,1877.0.95 below zero. 

Highest tide observed at Federal Point April 13, 1877 .7.97 

Lowest tide observed at Federal Point January 2, 1877...0.45 below zero. 

fieepectfuUy submitted. 

Henry Bacon, 

Assistant Engineer . 

MgJ. Wm. P. Craighill, 

Corps of Engineers . 
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BEPOBT OF THE CHIEF OF ENGINEERS, 



Of which 1,113 bimU oatno by •toMtnor from Chiulcaton. 


















































Statement of stock*, receipts, and exports of cotton, 4 c- —Continued. 
EXPORTS—FOREIGN. 
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Including 2,144 spirits and 5,681 rosin destroyed by fire August 27, 1874. j t Including 13 spirits and 040 rot in destroyed by fire March 15,1876. 
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REPORT OF THE CHIEF OF EKGIKKER8. 


Statement of stocks, receipts , and exports of cotton, — Cod tinned. 

DESTINATION OF EXPORTS. 



i876-’77. 

1875-’76L 

Cotton. 

Spirits. 




Bods. 


63,674 

7, 165 
18 

17,011 

8,9*5 

50 

251 

877 

13 

47,616 
49.752 
2.488 
12,259 
1,272 
940 

46,84* 

8,363 

1,000 

20 

1,873 

12,990 

10,246 

636 

567 

327 

117,015 

43,593 

7,791 

10,538 

1,171 

Baltimore....i. 

Philadelphia.... 

Bon ton ... 

Other porta..... 

6,981 

Burnt..... 

Total domestio... 

Cork, for orders.... 



■nnmn 


77,838 

27,127 

113,927 

58,103 

21766 

180,914 

2,773 

98,157 
17,803 
1*7 
4,127 
2,600 
7’JO 
300 
1,375 
30<i 
1,480 
500 
1,331 
6,211 

9,863 
61,463 
29.084 
20,785 
44,664 
7,382 
9,851 
1,045 
1,530 
80,323 
43,005 


3,038 

35.075 

7,638 

9,741 

5,600 

300 

550 

510 

57,142 

70,834 

26,350 

40,722 

4.182 

3,476 

18.222 

5,565 

45.500 

59.914 

5,672 

9S.007 

17,256 

2,060 

2.500 

5.398 

5,004 

1,075 




21,058 

23.585 

Hiistol... 

(jlnngow... 



Hull. 



New Castle. 



Granted and Leith.. 



Hr Hast..... 



400 

1,550 

6,893 

Hamburg... 

..1 

1,226 

”’i,075 

Rotterdam.... 


Atnnterdiini____ 

7,963 

775 

Antwerp.... 

22,080 

38.837 

500 

8,701 

Stettin. 


Bremen..... 

1,868 

1,365 


500 

Dordrecht. 


I’ronntadt._____ 






Trieste..... 



8,172 



Barcelona...-. 





Cardiff..... 



1,700 1 

.! 


1. 

Hurra..... 

2,511 

, 




Other porta... 

92 

816 


3* 

265 

Total foreign. 



t 

36,948 

66,498 

381, 100 

25.836 

80,024 j 396,422 

Total exports .. 

114,786 

93,625 

495,027 

83,989 




ANNUAL EXPORT TABLE. 

Statement of the principal articles of produce and manufacture exported from the pert sf 
Wilmington, North Carolina, for the year ending December 31, 1«76, and compared with 
the years 1H75 and 1874; also the receipts of a few articles for the same period . 

[Compiled by John L. Cantwell, secretary of the Wilmington Produce Exchange.J 

DOMESTIC. 


Destination. 

Sundries. 

Barrels. 

b 

A 

s 

9 

1-1 

« 

jti 

a 

c 

2 

-ji 

Railroad ties. 

Juniper bolts. 

rs 

5* 

AS 
* a# 

£H 

o 

«*>IW 

• 

S 

c 

A 

g«? 

a 

x: a 

■iL* 

00 

a 

I 

u 

H 


2,271,422 

1,034, 050 


10,500 

42,942 



■fmRBjj 

48,625 

15,540 

Rath 

' 5§5*' 019 



457 



1© 


109,215 
1M) 124 

11 






100 

9,961 

isa 













11 









New Bedford. 










1,006 

New York.. 

128,550 
394 345 

1,207,950 


8,000 

99,701 

4 

230 

17,698 

49,181 

11,261 

Pprth A ntimv 







a crtu All! IPtPV . •••••• , 

PhllAdfllphU.. 

832,’ 575 
527, 643 

721,225 


37,032 

908,120 



" 52 

1,933 

460 

Pnrtland 







PmviitAiiiM 

150] 566 










A iU\ lUuUVv • •••••••■ 

nnf 4 

270’, 527 
225 000 










D {pKntnnrl 










ThnmantAn 

669,'210 
245 067 








3 

2 











XX7 Omi n flrtitfi 

281 460 










Yarmouth. 

1531236 






.... 




Sundry and railroads 

3,000 




l, COO, 097 



853 

% 167 

06 

Total, 1876.... 

7,575, 772 

2. 963, 225 


55,532 

2,650,860 

4 

687 

29,433 

110,976 

34, H6 

Total, 1875. . 

3, 916, 066 

3, 330,200 


76,889 

664 



22,239 

222.930 

30,52 

Total, 1874. 

9,998,295 

5l 432, 408 


110,476 

8,741 



42,708 

307,758 

47.86 
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Statement of the principal articlet exported from JFilmington, N. C., fc. —Continued. 

FOREIGN. 


Destination. 

Sundries. 

Bairela. 

Lumber. 

s 

■3d 

o 

5 

1 

1 

1 

Juniper bolts 

•o 

u 

•i 

O 

si 

i 

1 

f? 

2 

z§ 

%l 

CO 

f 

J! 







1,331 

7,677 

1 











81,139 



818,994 
800,000 

189,300 






13 








Belfast. 







700 
1,365 
4,094 

4 

17,067 

5,854 

500 

83,445 











Bristol.'. 










400.710 
182,093 







161 

8,159 

Cape Hay tier?. 

106,915 






6,788 

8,336 

Cork. Queenstown, 
or Falmouth, G. B. t 
for orders .. 










340,510 
195,046 








189 

Fnnfhfll __ 







2,500 

. 

45,144 

Glatfow........_ 

2,510 

1,927 

Grenada. 

117,076 







Hamburg.. 








1,560 

1 

5 

5 

730 

72,397 

Harbor Inland_ 

80,339 

65,000 






4 

71 

10 

7,153 

Havana ............ 

3,816 






Honduran.. 

37,557 

50,000 






Hull. 






5,632 

Hayti. 

193,000 
134,37S 
467,889 
533,487 

i7,666 
56,575 
382,015 






Jackmel_ 









Jeremie .... . 






20 



Laguayra. .*_ 






600 
1,045 
40,628 
71,533 


Leith.. 







1,375 


Liverpool_ 

7,079 







13,587 

London.. 







28,807 

Mayaaues.... 

180,630 

80,600 







NewCantle_ 






850 

10,687 


PnntaPetre. 

169,941 
766,692 
1,553,435 
76,711 
737,035 

44,850 
323,900 
460,500 
40,000 







Ponoe. 









Port aa Prince. 






11 


45 

Port do Paix. 







Rio de Janeiro. 

Rotterdam. 








49,855 
157 
17,447 

6 


Santiago de Cuba... 
Stettin.. 

160,721 

















St Martina and Nevis 
Sk Pierre. 

64,807 
835,846 
118,642 

ii7,HM) 

54,700 






1 

8 






Surinam__ 






55 

5 

5,004 

35 

Trieate. 





.. 


Total, 1870.... 
Total, 1875. 








. 


8,132,860 

5,904,541 

4,831,030 

1,986,553 
1. 859,000 
3,087, 803 

3,816 
12.113 
82,896 





62,159 
85, 181 
83,189 

379,585 

300,400 

248,424 

27,785 
16,619 
20,799 





Total, 1874. 







ORAND TOTALS, COAST AND FOBKION. 


Total, 1876. 

15,698,632 

4.889,780 

3,816 

55,533 

2,650,860 

4 

687 

91,598 

490,555 

61,891 

Total, 1875. 

Total, 1874. 

9,890,607 

14,829,385 

5, 189,200 
8.520,213 

12, 113 
22,898 

76, 889 
116, 476 

664 
8, 741 

•• 

**• 

107, 420 
125,837 

523,330 

556,182 

47,159 


BBCEIFT6. 


Total, 1876. 








94,873 

102,014 

188,516 

498,765 
558,113 
641,140 

64,441 

47,159 

68,619 

Total, 1875. 








Total, 1874. 
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EEPOBT OF THE CHIEF OF ENGINEERS. 


Statement of the prljmpal articles exported from Wilmington, N. C, t —Con tinned, 

IH>MS#TTC. 




Dostiiuitiou. 

p 

s 

& 

h 

B * 

* * 3 
-a 

h 

u 

j£ 

3 

*o 

i 

a 

3 

be 

be 

W 

4 
« 

3 

5 

It 

■t 

6 
k 

4 

a 

S’ 

d 

Si 

1 

1! 

£ 

6 

X 

« 

1* 
^ -= 

i- 

< 

t 

tt 

c 

8 

a 

tT 

1 

.... 

- 

4 

ir 

J 

_£ 

i 

.I!" 1 

Haiti mure .......... 

Balli . 

790 

3,807 

35 

945 

51 

Ml 

12 

331 

94 

35 

71 

53 

23 

46 

1 


lionton 

350 

10 





Ketitulnink ..... .,__ 








New York...._.... 

Thorauatou ..----- 

Sundry and railroad*.. 

Total, 1870 ..... 

Total, 1*75... 

Total. 1*71 .. 

' ^ 821 

33 

4 

9 

s 

18 

795 

...... 

JO* 

34 

4 

! "i'j 

i 

“46 

31 

4 

132 

i\ iioo 

7, 955 
14,915 

5, 762 
3, U94 
7, 31(1 

J17 155 

156 65 

133 175 

084 

63 

10.1 

49 

145 

47 

""i 

" i 

43 

1 

41 

157 

308 

21 

4 

15 

J1 , 

134 

i "i 




45 1 . 














21X1 i... .. 












l!arl*tr Inland ........ 


4 ...... 

....... 1 LEW 


7 







66 


-■ 










1 533 













Port au Prinoe 

St. Mu Nina and Nov la 

10 1_ 












7 _ 

W _ 


. 


.... 

— 

r — 

. 

M 

- 

■■ 

— 

Tolal, 1876 ...... 

Total 1«75 












—*■ 

1,535 

XV} 

650 

316 1 < Kl 

183 

1 .. 

7 







(91 








Total, lr<74 ___ _, 

107 

i 




— 

- 




- 



GUAM! TOT AI A, CO JUST ANL> TOHIiGX. 

Total, 1.076 __ 

5 P 415 

6.078 267 

155 

m 

173 

47 

17 

49 

47 

21 

61 

m 

M 

Total. 1875 ..._.... 

8 , Site 

4, 170 156 

65 

63 

49 




157 


| 15 


... 



7, IKi 153 

175 


145 




298 


r\ 






1 











Tfltal, 1076... 

Total 1075 

JIMH 
-■2 974 
15,575 



























Total 1874 ...... 











---*1 

zJ 














Df'flliuat ic ii. 


Barffla* 


I 5 


ftakirnora....... 

Boh ton - ...____ 

"New Y"nrk _ _ 

J?Unti(lel[ililEi .......... 

Sundry and rati road * ... 


Total, le76 

Total. ltf?r>. . 

Total, 1874 ...... 




I s|? 

j= 

0 z> 

-J 

Oifra 

a * s 


4 | 
a 


303 15 m 


r>4 H 

m ... 
»5 io 


1,313 
419 
” S7i> 


Kiinhfds. 


Caws. 


Bundle* 


29, 934 
0,083 
6, 


364 15 18 


320 41 2,610 

*72 ... 1.360 

MS !..., :i, 111 


44, 405 

4i, m 

!3, Mi 


i 

a. 

£ 

i 

u 


do 

350 

"ii 


355 4X1 

1,340 2*5 

835 I 370 


1,400 

35 

ft! 


1,515 

rro 

717 


gw * 

oL* 

1? " 


6*3 
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GRAND TOTALS, COAST AND FOREIGN. 



Amsterdam 
Antwerp... 
Bremen_ 
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REPORT OF THE CHIEF OF ENGINEERS. 


Statement of the principal articles exported from Wilmington, X. C., ^o.—Continued. 

DOMESTIC. 


Destination. 

Packages. 

Bolls. 

Bags. 

Beeswax. 

1 

1 

4 

t 

a 

Ui 

i 

1 

X 

Fruit. 

Dried frnit 

t 

A 

1 

£ 

5 

l 

ft 

a 

■ft 

l 

O 

6 

s 

o 

o 

1 

Baltimore. 

New York__ 

31 

74 

3 

988 
1,644 
900 

3 

40 

4 

8,774 

1 

9 

13 


814 

385 

50 

310 

31 

9 

.... 

1,096 


Sundry aud railroads... 

Total, 1870... 

Total. 1875 . 

Total, 1874 . 

194 

34 

58 

9,5i: 


108 

44 

985 

3,532 
1.318 
9,363 

ilT 

1 13 

8,778 
7,430 
9,714 

16 

194 

1,199 

160 

617 

50 

341 
i 39 
663 

IT 

Ilj 

58 

3,553 

438 










FOREIGN. 


Harbor Island. 

.1 24 




1... J 








Havana.... 

.| 30 




■■■■ 








Point a Petre. 





MB 






94 


St. Pierre... 

| 




pj|tf 






94 







Hi 







Total, 1876. 

34 





.I 




48 



i 




r•i 

i 

.... 



1 



GRAND TOTALS, COAST AND FOREIGN. 


108 

44 

3,539 

1,719 

9,353 

43 

12 

8,778 
7, 430 
4,714 

16 

124 

186 

1,119 

50 

341 

39 

985 


617 



683 






58 

3,553 

438 

1,3« 





Total, 1876. 
Total, 1875 
Total, 1874. 


30 


Statement of exporte from the district of Wilmington, Xorth Carolina , to foreign couetria 
from January I, 1871, to December 31, 1876, inclusive 


Tear. 

Cotton. 

Bosin and tur¬ 
pentine. 

Tar and pitch. 

Spirits tnrpentlne. 

Lnmber. 

?87l. 

1872 . 

1873 . 

1874 . 

1875 . 

1876 . 

Bates. 
61 
707 
4,555 
12,124 
18,141 
32,202 

Value. 

94,061 

55,832 

996,491 

741,926 

1,088,065 

1,782,684 

Barrets. 
139,819 
189,332 
167,379 
175, 629 
100,043 
W7.851 

Value 

9404,853 

784.258 

1,152, 880 
94.1,289 
630,831 
766,685 

Barrels 
6,080 
5,184 
4,5L0 
19,419 
17, ee« 
25,943 

Value. 
912,026 
16, 133 
14,612 
46,650 
32,395 
44,589 

Barrets. 
46,800 
73,030 
93. 157 
84,009 
85,830 
65,057 

Value, 
91,021,675 
1,788,403 
1,806,855 
1,347, 462 
1,250,531 
898,793 

M/eeL 

6,966 

7,137 

7,103 

4,816 

7,123 

7,148 

i 

Vehu 
\ 9133k 4* 
156, W 
158, k# 
96,130 

mm 

121,404 


Tear. 

Shingles. 

Railroad-ties. 

Lath. 


Brick. 

Staves. 

1871. 

Jf. 
1,808 
1,803 
2,447 
2.223 
2,115 
1,871 

Value. 
910,303 
12,341 
15,737 
14,995 
12,926 
10,567 

No. 
22,052 
4,941 
15,861 
35,919 
a 500 
3,816 

Tolas. 

910,556 
2, 120 
a 132 
19,896 
a ^25 
9,008 

M. 

Value. 

No. 

16 

Value. 

912 

if. 

20,000 

Value. 

9220 

No. 

Tehee. 

1872. 





1873. 

10 

930 

125 

1,096 

1,047 

1,184 

125 

1,331 

1,503 

1,414 





1874. 





1875. 




197 



1876. 

300 

1,800 

29,701 



J 


Year. 

Cow peas. 

Spars. 

Kails. 

Potatoes. 

Mineral oil. 

Bop* 

1871. 

Bush. 

Value. 

No. 

Value. 

Lbs. 

Value. 

BUe. 

Value 

Oatte. 

Value. 

Lbs. 

Tehee. 

1872. 

20 

925 

”T 

9186 









1873. 

2,900 

9174 







18?4. 

25 

39 

40 

35 

43 

42 


i25 

14 

4 

4 

949 

10 

10 

100 

1,000 

940 

190 

1 9.154 . MS 

1875 . 


127 


i 

1876. 

*4 

350 


1 







1 
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Statement of exports from tie district qf Wilmington , K, C., #c.—Con tinned. 


Tear. 

Cotton goods. 

Gold. 

Oakom. 

» 

MackereL 

Salt pork. 

Flour. 

1871 . 

Yards. 

Value. 

i 

| $10,000 

Owl. 

Value. 

Kite. 

Value. 

Bble. 

Value. 

BlAs. 

Value. 

187* . 











1873. 



1 






.... 



1874. 

616 

#190 


19 

$133 

34 

$93 





1875. 


100 

. 

$2,950 

30 

60 

$210 

360 

1876. 

158; 557 

11,956 














Tear. 

Bacon. 

Boots and shoes 

Tobacco. 

Gnano. 

Hata. 

Faint 

1871. 

Lbs. 

Value. 

Cases. 

Value. 

Lbs. 

Value. 

Tone. 

Value. 

Dos. 

Value. 

GaUe. 

Value. 

NMMMj 


























1874. 













1P75. 



5 

10 

$999 

439 

139 

199 

$06 

65 

.... 




107 

$267 

1876. 

1,696 

$168 

$940 

' 68 

•MS 





CustoX'Housb, Wilmington, April 13,1877. 


R. W. Chadwick, 

Deputy Collector. 


HARBOR* MASTER’S REPORT FOR 1874, 1875, AND 1876. 


1874. 


Steamers..., 

Barks. 

Brigs.. 

Schooners... 

Total 


Steamers. 

Barks.. 

Brigs. 

Schooners .... 

Total. 

Total arrivals, American and foreign, 613. 
231,T4. 

1875. 


Steamers .. 

Barks. 

Brigs. 

8choonera.. 

Total 


Steamers. 

Barks.. 

Brigs. 

Schooners. 

Total. 

Total arrivals, American and foreign, 350. 
139^38. 


American 

vessels. 

. 197 

To 

nnage. 

125,138 

15 

. 209 

3,179 
50,481 

421 

178,798 

II 

Tonnage. 

1 

40 

. 101 

31,581 

f0 

19,3:t6 

10 

2,179 

. 192 

53,136 


Total tonnage, American and foreign, 


American 

vessels. 

Tonnage. 

. 119 

75,771 

17 

4,243 

18,985 

81 

. *217 

98,999 

Foreign 

vessels. 

Tonnage. 

1 

200 

73 

24,432 

56 

14,948 

3 

759 

. 133 

40,339 


Total tonnage, American and foreign, 
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350 REPOBT OF THE CHIEF O# ENGINEERS. 


1876. 


Steamers .. 

Barks. 

Brigs. 

Schooners.. 

Total 


Steamers........ 

Barks..... 

Brigs.... 

Schooners... 

Total. 

Total arrivals, American and foreign. 493. 
198,396. 


157 1M,7« 

1 406 

10 2,444 

120 28,855 


288 136,241 

1 50 

124 41,530 

74 19,771 

6 804 


. 205 62,155 

Total tonnage, American and foreign, 


COMPARATIVE STATEMENT OF THE RECEIPTS AND EXPORTS OF COTTON AND NAVAL 
STORKS AT THK PORT OF WILMINGTON, NORTH CAROLINA, FOR THE YEARS ENDING 
MARCH 31, 1876 and 1877. 

Receipts. 


* 

Cotton. 

Spirits of 
turpentine. 

Rosin. 

Tar. 

Grade 

turpentine. 

For the year ending March 31,1878. 

For the year ending March 31,1877.. 

Bolts. 
84,518 
115,916 

BbU. 
97,197 
97, 409 

, 

mu. 

540,730 

634,967 

BbU. 

53,010 

71,311 

BbU 

86,633 

144,(96 

Exports, domestic. 

For the year ending March 31, 1876. 

For the year ending March 31,1877. 

58,103 

77,838 

34,701 

37,127 

180,689 

113,937 

34,770 
38,478 

7,013 

4,450 

Exports t foreign. 

For the year ending March 31,1876. 

For the year ending March 31, 1877. 

25,886 

36,946 

80,034 
66, 496 

399,480 j 31,554 
381,100 I 33,476 

381 

8.3SS 


Total exports , domestic and foreign. 


For the year ending March 31, 1876.. 

For the year ending March 31, 1877. 

83,989 
114,786 

104.735 

93,625 

580,169 
495,037 

| 66,384 
71,954 

7,403 
a 778 

Stocks. 

For the year ending March 31,1876. 

For the year ending March 31,1877. 

2,592 

3,733 

1,077 
4,861 

33,889 i 
53,829 

A 160 
7,404 

5,038 

5,016 


CRAMMER ofl COMMERCE, 

Wilmington, .V. O., April 3,1877. 


Jm L. Cantwell. 

Secretary. 
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ANNUAL REPORT OP MR. 8. T. ABERT, UNITED STATES 
CIVIL ENGINEER, FOR THE FISCAL YEAR ENDING JUNE 
30,1877. 


United States Engineer Office, 

Washington , D. C., July 21,1877. 

General : I have the honor to submit herewith ray annual report 
relating to the works of river and harbor improvement under ray charge 
for the fiscal year ending June 30, 1877. 

Very respectfully, your obedient servant, 

S. T. AberT, 

United States Civil Engineer. 

Brig. Gen. A. A. HUMPHREYS. 

Chief of Engineers, U S. A . 


Gx. 

IMPROVEMENT OF WASHINGTON AND GEORGETOWN HARBORS, DISTRICT 

OF COLUMBIA. 

The operations with the diamond drill, in the harbor of Georgetown, 
were continued until August 15, when the machinery Was towed to the 
James River, near Richmond. The balance of the appropriation, being 
too small for the continuation of the improvement, can be expended in 
making examinations of the channel between the aqueduct and Gies- 
boro Point, in order to ascertain the changes which are taking place, 
and also for the purpose of obtaining data for estimating the amount of 
dredging required for the preservation of the navigation. 1 subjoin a 
detailed history of operations since my last report. 

The diamond drill of the American Diamond Drill Company was used 
in removing rock. The same machine had beeu used upon the James 
River, below Richmond, and was kindly loaned to me by Col. Wm. P. 
Craighill, of the Corps of Engineers. 

DETAILED DESCRIPTION OF THE WORK, WITH ANALYSIS OF COST- 
METHOD OF WORKING. 

The plant consisted of— 

1. A koieter, which was a scow (65' X 23') with a derrick and hoist ing-ettgine 

2. A drilling-platform , (16' X 18') supported on four inclined spnds, connected with 
the platform by soitable gearing. 

3. fm drilling-enginee , for operating the diamond drill. 

4. A boiler-lighter, with a boiler for supplying steam to the drilling*engine. 

5. A email lighter , for the nse of the divers; and, 

6. A etone-ecow, for the removal of the rock. 
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The rock to be removed was first carefully examined, and the loca¬ 
tion, direction, and length of the drill holes determined npon. The drill¬ 
ing-platform was then set at high tide, the spuds being made fast to the 
platform, so that as the tide fell it rested upon them. The drilling- 
engine was then placed in position on the edge of the platform, and 
connected with the boiler on the boiler-lighter by a flexible steam-hose. 
The engine was run at a high rate of speed, but the power was so 
small that any serious obstruction would stop .it without injury to the 
diamonds. The rate of drilling was, on an average, 30 inches per hour. 
After the hole was drilled the platform was removed, and the tin cart¬ 
ridges, containing the nitro-glycerine, placed in it by the diver. A 
water-tight exploder of fulminate of mercury having previously been 
introduced, the cartridge was closed by a wooden plug, the guttapercha 
covered wire from the exploder passing through the plug. No tamping 
was used other than some old rope, or waste, around the top of the car¬ 
tridge. The lighters, &c., having been removed to a safe distance, the 
charge was fired by a frictional battery. 

The removal of the rock was then commenced, the pieces being hoisted 
by means of chains placed about them by the diver, and then placed 
on* the scow. It was found that the most economical work cau be done 
when the pieces contain from 1 to 2 yards. The diver can place the 
chain about the rock more easily, and there is, therefore, less delay. 
Masses of over 4 cubic yards, weighing 10£ tons, have been raised, but 
the strain on the machinery was very great, particularly after the stone 
had left the water. Small pieces were placed on au iron grating by the 
diver, and rai>ed in this way. This, however, is a slow opo-ratiou, as 
it is difficult for the diver to move rapidly under water. 

rock A. 

This rock was situated in the center of the stream, a short distance 
below the Aqueduct bridge. Work was commenced on it March 17. A 
drift log, some 35 feet long, and about 2 feet in diameter, was found 
lodged on it. On attempting to set the drilling-platform, it was found 
that the rock was surrounded by very soft mud, into which the spuds 
sank so far that it was found uecessary to lengthen them. This having 
been doue, work was actively commenced. The rock was found to be a 
very hard aud tough grauitic rock; it broke into wedge-shaped pieces, 
with smooth faces. The rock weighed 183.75 pounds per cubic foot. 
Operations on this rock were interrupted by a freshet, which begau 
March 28 and continued several days. The work was continued until 
April 12, when there was a depth of from 17 to 18 feet over the rock at 
low-water, somewhat more thau was found on the mud bottom of the 
river above the rock. Sixty-one feet of holes were drilled, at an average 
rate of 2.4 feet per hour 5 61.4 cubic yards of rock were removed. The 
average amount of nitro-glycerine per yard of rock was 0.85 pounds, 52| 
pounds being used on the entire rock. This includes that used in 
cartridges”—used for opening cracks ami seams 

The following table exhibits the work of the drill in detail: 
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Hock A .—Tabular statement of operations. 


1 


Holes drilled. 

is 

'X3 

Quantity of nitro¬ 
glycerine. 


Designation. 

Depth. 

Diameter. 

*5 

. i 

0 - 
«•-* 

S 

EH 

Is: 

£l 

*!j 

ill 1 

S 5; 

3 

2? 1 

Remarks. 

a. 

^ Feet. 
14 

3 

Inches. 

24 

24 

Hours. 

n 

1 

2.55 

2.00 

.... 

Lbs. 

2 

• 2 

Commenced March 20. 

3. 

3 ! 

24 

14 

2.00 


2 




4 

6 


4. 

7 

24 

3 

2.33 


i n 


5. 

5 

24 

2 

2.50 



(. 

6 

24 

24 

2 

2. 40 


3 


7. 

4 

24 

2.0 

: . 


! 2 





.I 

i 

4 


8 . 

6 

oi 

2 

! 3.0 


3 


9. 

6 

2 

2 

3.0 


1 3 


10. 

7 , 


3 

. 2.33 


i ? 






.... 

-Completed April 12. 



> 



Total. 

61 


25 


16 

1 5% 







Average rate of drilling per hour = 2.4 feet. 

Average amonnt of nitro-glycerine per yard of rock = 0.85 pounds. 
Number cubie yards of rook removed. 61.4. 


ROCK B. 

Rock B was situated near the middle of the river, opposite the mill- 
race. A survey was made of it, and its contour is shown on the ac¬ 
companying plan. The least depth over it was 5.7 feet, and its loca¬ 
tion was such as to render it the most dangerous obstruction to navigation 
in the harbor. Its length at the 16-foot curve was about 52 feet, and 
the width averaged 28 feet. Work was commenced April 13. The rock 
was found to be granitic, very irregular in its composition, containing 
many masses of pure quartz and of mica. Ou the top of the rock the 
mica had been washed out by the action of the water, and the hollow 
pockets presented a honey-combed appearance. Frequent natural seams 
in the rock made the drilling difficult. In blasting it was fouud that, 
owiug to the peculiar composition of the rock, it broke into small pieces; 
rendering it more expensive to raise. 

The force of the explosive seemed to be expended in breaking the 
rock into powder or small fragments, rather than into the comparatively 
large masses required for economical handling. 

Work was continued on this rock until June 6, when, owing to the ac¬ 
cumulation of saud and dtbris, dredging was found necessary, and the 
force was transferred to G-street rock. Application was made for the 
use of the dredge at the navy-yard, which was granted. The dredge 
having been fitted up, work was resumed July 6. When sufficient 
dredging had been done, work was resumed with the drill and hoister, 
and continued until July 29, when a depth of 16 feet at low-water was 
attained over the whole rock, and operations were discontinued. 

The following table exhibits in detail the work of the drills and the 
result attained. 

23 E 
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Rock B .—Tabular statement of operations. 


l 

3 

3 

4 

5 

6 

7 

8 

9 

10 

11 

19 

13 

14 

15 

16 

17 

18 
19 
90 

31 

23 



' 

Holes drilled. 

5 , 

Number pounds of 
nitroglycerine. 

Designation. 

£ 

Q. 

& 

, 1 
^ i 

1 ! 
5 < 

= 5 fe !s I 

i eSL Li 

J5 ■ fiir'sS 
E PoftS 

H 

Feet. 

.1 15 

Inche*. 1 

*4 
24 1 

4 i 

Hour*. 

t»4 3.3 

64 3.3 

6 1.67 


I 40 

_ 1 15 

7 


10 


13 



7 

0 

. 14 

Si 

7 3 


12 


2| 

5 2.3 


7 


11 

2* 

5 3.3 


c 


6 

6 


11 

2* . 

5 3.3 


'i* 


9 

2* ' 

4 3.35 


, 

5 

3 


ii 

Si 

6 1.83 


11 


9 

8 * 

5 1.8 


6 



7 

5 


9 

2* 

** 

4 3.35 


10 



5 2.6 


13 


8 

6 


8 

si 

; 2* 

l.; 

3 2. 67 


6 


9 

4 2.25 


8 



5 

3 


8 

*i 

24 3.2 


5 


2 


. 5 1 

1 

24 

1 • 2i 

H 3.33 
34 2.85 

4 3.50 


.i 10 


10 

.| JO 


10 

.:.:. s 

2) 

34 2.57 

34 2.57 


6 

....! 9 

24 


6 

1 

3 

3 

___ 5 

24 

24 

li 133 
14 2.67 


5 


4 


5 



f« 

9 


. 




Total, <’2$ inches). 

205 

_ :_!_ 

243 


10 


6 ’ , 



.... ... 





Remarks. 


Work anspended. 
Work resumed. 


Average rate of drilling per hoar, 2.34 feet. 

Average amount of nitro-glycerine per yard of rock, 0.T6 pound. 

Number of cubic yards of rock removed, 317.3. 

ROCK G. f 

This rock is off tbe foot of G street, and has been a dangerous ob¬ 
struction to navigation. The least depth of water over it was 3.1 feet. 
Work was commenced Jane 7, but on Jane 13 the mast of the derrick, 
which had become decayed by long use, gave way, causing a delay of 
a week, and involving a large expenditure for repairs. Work was sus¬ 
pended July 5, to complete rock B, resumed July 31, and continued 
until August 15. 

The rock was found to be a hard granitic rock of uniform texture^ 
breaking easily into masses of the most convenient size. The depth ah 
tained over this rock was 10 feet at low-water. It was intended to 
secure at least 13 feet, but the necessity for the return of the machinery 
to Richmond prevented further work. The following table exhibits the 
result attained: 
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Rock G .—Tabular of opart Ho* ** 



Halm drilled. 

% 

-a 3 

pNffUftllM. 

** 

— 

& 

. 1 
*. 

St 

1 

4 

5 

8 

^ m 

= a 

ft -* 

= 

H 

Sc 

5 

SS 

U 

s 

m . 

I 1 

3 

fc 

if 

s.|. 

1 ! 

sS 

C 3 

SE 

i.. . .... 

fuel. 

14 

2* 

Ilvun. 

5 



111 





I 






2 

4 


in 

si 

4 



It 


IS 

id 

5 

a i 



l 


7 

41 





fl 

11 



yi 



5 

5 


5 

st 

it 

U3 

24 

JH 


4 

si 

14 

a. 67 




n 

u 



4 

1 


6i 

Si 



4 


4 

a 

8 







X«ul . ... 

M*" 


1 l»l 



75 






Average rate of drilling per hour, 2M fttet. 

Avcrng*? amount of glycerine per cubic yard of rock, 0,52 pound*. 

Number of cubic yards of rock removed, 143*3* 

The following table shows the amount of nitroglycerine made each 
month, with the cost of the same: 


Manlb, 

"3 

u 

W 2 

5 * 

feT 

Mm 

Ih 

S " 

JC 

■s 

K- , 

11 
£ a 
■*» 

4 - = 

o-Z 

S s 
,3^ 

f* 

4* 

0 

~ V 
= 3 

!'S 

if 

t 

“So 

~ d 

1Z 

o®s 

b 3l b 

= 

= ca M- 

K 

*i - 

ill 

til 

* 5t 

»- 5, 

* S-- 

e3£ 

E Hli* 

ft 

Ithrrh ...... 

MO 

» 

54 

5l0 

0. 5W 

Ayr U —_. _........— ....— 

335 


m 

3,3 

0,51 

u*r ------... 

eto 

as 

140 

a a 

1158 


400 

| 4(1 

73 

5.5 

0,55 

Jqiy........ 

274 

27 

48 

5.7 

0.5S 

lt.£U4i ...«*. 

150 

1 15 

27 

3 . a 

0.56 

Total ______ 

. 

405 



Averu^is -............... 




5,e 

D. 50 








3 

u 


m sh* 

m 

6 t 

m 

63 


Th* liiuoiint of acid pt*r pound of glycerine is 5.6 pounds, and of glycerine one-tcutb 

of this suiioiint, .56 pounds. 

The arnoont of nitro glycerine used per yard of rock was 0.2G pound. 
The amount used per yard for each rock is exhibited in the following 
table, which also shows the length of hole drilled per yard of rock re¬ 
moved : 


! 

Jte*ignat Ion* 

Cbantcmr of ru*k. 


£ - 

41 

b - 

■& s 

s* 

= t j 

1 7i 

i?2 
-=&2 
i ah 
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Gram to, wry tonnh iind hard, _,. . 


1.0 

0.R5 


GrKDitc, Irregular ajirl noft _.. 


0. 138 
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It appears from this table that a firm (but not tough) rock, like rot 
G, which breaks in large masses, can be more economically retnovi 
than a much softer rock, like rock B. 


COST OF THE WORK. 


The total amount of rock removed was 522 cubic yards. The deU 
of the cost are shown in the following table, from which it appears t 
total cost per cubic yard was $14.36, of which $2.08 was for the transl 
of machinery from Richmond and return, $2.10 for extraordinary repa; 
and $10.18 for actual cost of removal. This latter item is made up 
follows: 


KTO 

"<»m n n 
undnr 
f'RAJGI 


Pet c T jb.- 


d|; 


Labor ........._............. 

Explosives, cartridges, &.e___ 

Repairs to drill, iron-work, &c_.. 
Supplies, rope, diving-dresses, &,c 

Rent and tewing....... 

Coal..... 


Total 


<3 


auler 
* T ABf 


10 


CW of rork work? Georgetown Bnrbor. 


Designation. 



i * * 



Libor.... 

Explotivffl,................... 

Cartridge*, .. 

papal m to drill, and Iron-work 
Dlrlng-ilmnes............ ... 

Lumbar ... 

Coal_................ 4 ...... 

Supplies.... 

Ropp ... 

Kent.,... 

To^ltitt... 

Use of air-pump .. 

Total....__ 

Per cubic yard 


Amount of rock removed 5,226 yards. 



te<H It 


...... 377 73 

42 It 113 ^ 

ia 02 


*m 00 44 

. w 

HO 40 
tu to 

d» .15 1 


427 74 


[<;■* 0u 


ir*Ts so 

02 02 
,72 00 
33 Q0 , 


jl.OKJO" i,u^ol J H 31150 
a W a'lo j 10 tfl 


FURTHER OPERATIONS* 


Georgetown Channel. 


In my last report it was stated that the plan of the Board, submitted 
to Congress December IT, 1872, for effecting a radical and comp! 
improvement of the harbor, might be carried out in parts, so that cad 
part would in itself be an efficient improvement. It was recoin men 
that the first part to be improved should be limited to that portion 
the river between G street and Easby’s Point* The total amount oft 
estimate was $686,000, No appropriation was made, but what has l>eel 
urged in regard to the importance of the work remains unchanged. 
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The main ship-channel between the Long Bridge and Analostgu 
Island cannot be passed by the heaviest-draught coal vessels* which 
land at the coal wharves at Georgetown. The larger part of the trade 
which passes through this channel is made up of Cumberland coal* 
which is shipped to New York, Boston, Philadelphia* and used exten¬ 
sively by steam-vessels and for manufacturing purposes* The annual 
shipments amount to 080,000 tons, all of which pans through the George¬ 
town Channel. For dredging this channel, with a width of 250 feet and 
a depth of 18 feet at low-water, the following estimate is submitted : 


213,300 cubic yards, at 18 cents per yard.- * *....394 

Contingencies, 10 per cent... 3,839 


42,233 


Washington Channel. 

The Washington Channel of the Potomac, between the Arsenal and 
the south draw’ of the Long Bridge, has become very shoal, so as to 
offer considerable obstruction to vessels attempting to reach the wharves 
of the city. The following table, prepared by Capt. J. H. Johnson, 
shows the condition of the channel duriug the past fifteen years, and 
the improvement made along the city front, and the amount of material 
landed. 


Years. 
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In order to make a channel 200 feet wide and 12 feet defp at low* 
water below the draw of the Long Bridge, it will be necessary to dredge 
262,000 cubic yards. 


ESTIMATE. 


262,000 cubic yards, at 20 cents per yard...... *.. #52.400 

Contingencies, 10 per cent... . ... 5, 240 

Total..... 57,640 


Money statement. 


July 1,1876, amount available... #9, 441 87 

July 1, 1877, amount expended during fiscal year.. 6,585 25 


July 1,1877, amount available... 2,866 62 


Amount (estimated) required for completion of existing pruject ... 100, DOO 00 

Amount that can lie profitably expended in fiscal year ending .lime 30, 1879. 100, UQO 00 
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G 2. 

IMPROVEMENT OF ACCOTINK CREEK, VIRGINIA. 

No funds have been available for this improvement, and no work has 
beeu done. The amount required to complete the work according to 
the original estimate is $14,000. The appropriation made June 10, 
1872, was $5,000. 

The following extracts from a letter of Mr. P. H. Troth, of Accotink, 
dated June 26, 1877, give the present state of trade: 

The amount of trade from this place has been very light since July 1,1876, owing to 
the channel, which is not of sufficient width and depth. About 3,000 cords of wood 
and 5,000 bushels of grain have been shipped from here since July 1,1876. * * * 
The present condition of the channel is not very good. About 600 yards of it is20 
feet wide and feet deep at low-water; the balance will average 30 feet wide and 
feet deep. 

Accotiuk is in the collection-district of Alexandria, which is the nearest port of entry. 


G 3- 

IMPROVEMENT t>F OCCOQUAN RIVER, VIRGINIA. 

No appropriation has beeu made for this work since that of March 3, 
1875, which had been expended at the date of the last report. At that 
time the channel through the “lower mud,” which had filled in,had 
been partially redredged. It is very necessary that this work should be 
completed. Owing to its uufinished condition and location, it is exposed 
to further deterioration, and it is estimated that $5,000 will be required 
for its completion. A further appropriation of $5,000 was recommended 
in the last report for the construction of a dike at the bar midway be¬ 
tween the railroad bridge and the town of Occoquau, in order to preserve 
the depth of the dredged channel. 

The original estimate for this work was $18,000, but this has been in¬ 
creased lor the reasons stated in previous reports. 

The following appropriations have been made: 

March 3, 1873, 85 , 000 . 

June 23, 1874, 85,000. 

March 3, 1875, 8-5,000. 

Occoquan is in the collection-district of Alexandria. 

Mr. J. T. Janney, of Occoquan, furnishes the following estimate of the 
trade in this river for the yea*' ending July 15, 1877. 


RECEIPTS. 

26,893 bushels wheat, valued at. $35,980 04 

770 bushels corn, valued at. 471 31 

Estimated amount of merchandise received by 7 stores. 40,000 00 


Total. 76,45135 


SHIPMENTS. 

5,090 barrels of floor, valued at.$30,540 00 

13,586 bushels mill offal, valned at. 2,140 32 

30,806 pounds sumac, valued at.... 361 00 

8,200 cords of wood, valued at-*. 28,650 00 

Wharf and bridge piles and lumber, value. 11,160 00 

40f£000 hogshead hoops, value. 14,500 00 

133,000 barrel hoops, value ...... 1,350 00 

21,151 cedar posts, value. 3,187 © 

700 empty barrels, value.. 118 00 

2,000 dozen eggs... 250 00 


92,256 07 
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The improvement of the navigation through the 44 lower mud” was 
limited by the funds to the enlargement aud deepening of the old chan¬ 
nel. As this channel lies obliquely to the course of the ebb and flow of 
the tide, it does not preserve its depth as well as it would have done if 
it had been located in the course of the ebb-current. If the trade of 
the river is deemed of sufficient importance, a new cut should be made 
in conformity to the tidal current, and for this purpose $ 10,000 would 
be required. 

Money statement. 


July 1,1876, amount available. $422 01 

July 1,1877, amount expended dnriug fiscal year. 220 00 

July 1,1877, amount available. 202 01 


Amount (estimated) required for completion of existing project. 10,000 00 

Amount that cau be profitably expended in fiscal year euding June 30,1879.. 10,000 00 


G 4 . 

IMPKOVEMENT OF AQUIA CREEK, VIRGINIA. 

As there have beeu no funds available for this improvement during 
the year, no work has been done. The last contract was completed in 
September, 1875, a channel having been excavated between the railroad- 
bridge aud the 44 Narrows,” 40 feet wide, and 4 feet deep at low-water. 
The estimate for the entire work as stated in the last report is $ 20 , 000 . 
The following appropriations have been made: 

Jnne 10, 1872, $1,500. 

March 3,1873, $2,000. 

March 3, 1875, $2,000. 

To complete the work $14,500 will be required. 

Thin creek is in the collection-district of Alexandria. The trade is coutiued to occa¬ 
sional shipments of lumber, wood, aud produce in light-draught vessels, no returns of 
which have been received. 

Money statement . 

Amonnt (estimated) required for completion of existing project. $14,500 00 

Amount that can be profitably expended in fiscal year emliug Juue 30,1879.. 14,500 00 


G 5- 


IMPROVEMENT OF NOMINI CREEK, VIRGINIA. 


At the date of the last annual report the dredging under the contract 
with Messrs. J. H. Teemyer & Co. had not beeu completed. Operations 
were resumed August 16, 1876, and continued uutil September 5, when 
the funds were exhausted. The amount of material excavated during 
the period was 5,003 cubic yards, being, as heretofore, a mixture of sand 
and shells. 

A survey of the channel was made upon its completion. 

The channel was found generally in very good condition. That part of 
ittbrongh the bar at Hickory Point preserves its depth well, owing to the 
rapid tidal current passing through it, aud the absence of cross-currents. 
The velocity is still too great for safe navigation, and further widening 
would improve the channel. The widening of the channel near White 
Point, which was intended to decrease the velocity of the direct and 
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cross currents, which made navigation dangerous, has proved success¬ 
ful, and has accomplished this result. The channel here has also pre¬ 
served its depth. There is, however, a tendency to the deposit of sand 
on the point, owing to a chauge in the direction of the current Tbe 
channel between White Point and Nomini Bay has a direction across 
that of the tidal current passing to and from Currioman Bay, and it is 
also exposed to the full force of the northwest winds which prevail at 
some seasons. The tine sand of which tbe bottom is largely composed 
is thus swept into the channel. The filling has been to some extent re¬ 
moved each year by dredging, so that this action has not yet been suffi¬ 
cient to seriously impair tbe channel. In order to obviate its effects, 
the channel should be widened further. Owing to the exposed condi¬ 
tion of fbis work and the causes referred to, the estimate of last year 
must be increased to $7,500, which amount would insure a compara¬ 
tively permanent improvement. 

Tbe work already done has proved of great benefit to tbe section of 
country of which this stream is the natural outlet. A steamboat now 
makes semi-weekly trips between Nomini Ferry and Washington, passing 
through the channel. No statistics of trade have been received. 

Nomini Creek is in the collection-district of Alexandria, which is the nearest poitof 


entry. 

Money statement 

July 1, 1876. amount available.$1,853 ‘23 

July 1,1877, amount expended during fiscal year. 1,853 23 

Amonut (estimated) required for completion of existing project. 7,500 00 

Amount that can be profitably expended in fiscal year ending June 30,1879.. 7,500 00 


G 6. 

IMPROVEMENT OF RAPPAHANNOCK RIVER, VIRGINIA. 

The appropriation of $10,000 made by tjie river and harbor act 
approved August 14, 1876, was made available January 22, 1877. Tbe 
work proposed was the contiuuatiou of the dredging operations at Fred¬ 
ericksburg Bar, and the construction of a dike below tbe steamboat 
wharf. 

The following is an abstract of bids opened March 7, 1877, at 12 m.: 


Name and address. 


Dredging. 


1 

>» 


u o 
©-< 


*5^ 

◄ 


Dike. 


Tbos. P. Morgan, Wash 
ington. D. C. 

Edwin H. French, Ful¬ 
ton, N. Y. 

G. H. Ferris, Brooklyn, 
N.Y. 

Clinton Stephens, New 
York City. 

Wo. H. Groat, Washing¬ 
ton, D. C. 

J. H. Fenner, Albany, 
N. Y. 


I 


$0 28 
45 
29»j 

32 

33 
48 


!- 

u 

h 

53 

c 2 
5-= 
< 


Time of— 


S 

8 

§ 

e 

I 


1 1877. 

$5, 600 09j*4 90 #1, 715 00 $ 7 ,315 00 ^ Apr. 1 

9,000 Oo| 5 50' 1,925 00 10,925 00 May 1 
|| ! i 

5,950 00 4 75 1,662 50 7,612 50; May 15 

' I - I 

- 8,969 00 May 1 

8,192 50, May 1 


a. 

a 

3 


* . 

0 B 

*5 * 

' ■=? 

l § , 

► 

< > 


3 s 

e 


6,400 00 , 7 31 2,569 00 
6,600 Oo| 4 55 1,592 50 


I I 

9,600 00 10 0(K 3,500 00,13,100 00 Apr. 2 


i 00 


1877. ' 

July 1 j. 2 Osgoods. 

Sept 11 600 1 Osgood. 


400 1 Osgood. 


Sept 15 1 
Dec. 1 


Ang. 11500 tot Suitable 
| 3,000 mach'ry. 
Joly 2 . 


* Conditional upon acceptance of bid for dredging. 
Contract awarded to Thomus P. Morgan, of Washington, D. C. 
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Work was commenced April 24. The dike was completed June 12; 
tbe dredging is still in progress, and will probably be completed in 
July. The channel is 50 feet wide and 9 feet deep at low-water; the 
material found is entirely sand, and is deposited behind the dikes along 
the river. The freshets bring down a constant supply of sand, and the 
dredgiug will need to be continued each year to preserve the depth 
reqoired for navigation. For this purpose an appropriation of $7,500 
will be required. At the close of the present work the dikes will all be 
filled so that for future dredging a new dike must be built, the cost of 
which will be $8,000. Tbe deposit of material in the river at points 
below would be injurious to navigation, and as the lands adjacent to the 
river are used as farms, it could not be deposited on them, unless laud 
were purchased for this purpose. 

The estimate for improving the river below Fredericksburg is 
$44,000, as stated in Colonel Craigbill’s report for 1874. (Report of 
Chief of Engineers for 1874, Part II, p. 30.) Until more permanent 
results are secured at Fredericksburg, the execution of this work will 
hardly be advisable. 

Statistics of trade have heen requested, lmt none have been received. 

Tbe work is in the colleution-distnct of Kappahanuock. 


Money statement . 

July 1,1876, amount available... $400 75 

Amount appropriated by act approved August 14, 1876. 10,000 00 

-$10,400 75 

July t, 1877, amount expended during fiscal year. 7,481 74 

July 1, lb77, outstanding liabilities... 631 62 

- 8,113 36 


July 1,1877, amount available.... 2,287 39 


Amount (estimated) required for completion of existing project. 59,500 00 

Amount that can be prolirably expended in fiscal year ending June 30,1879.. 15,500 00 


G 7 . 

IMPROVEMENT OF ELIZABETH RIVER, VIRGINIA. 

Tbe continuation of the improvement of this river was provided for 
by an appropriation of $5,090 made in the act of August 14, 1876. The 
work was advertised for coutract iu the usual manner, and the following 
bids received and opened at 12 m. on June 20, 1877: 


! 

! 

Park's Gap, 
excavation. 

Park’s Gap, 
dredging. 

Near canal- 
lock, dredg¬ 
ing cut-off. 


t 

| 

§ 

73 

4» 






i 





Name and address. 

1 


© i i 

.a S bo 

! 2 

1 

§| 

Total. 

a 

8g 

I 

1 

i 


§1 

H 1 Is 

H 

® 5 


*s a 

© 

a 

8 

z 


4 

e 

* 

kS 

£ 3 

9 c 3 

; ft. | fc*® 

Per 

y« 

For 

cubio 


© 

a 

H 

• 

a 

H 


i 

1 


1 ! 

, 



1877. 

i87a 

1 

Clint’n Stephens, Brook- j 
j lyn, N. Y. 

10 40 

11.000 

$0 40 $2, 000 

1 

$0 40 1 

$4,000 

$7,000 

July 15 

Jan. 1 
1877. 

3 

6. H Ferris, Baltimore, 

40 

1,000 

30 1,500 

29* 

2,950 

5,450 

, Sept. 15 

Dec. 1 


Md. 1 



I 





3 

Thoa. P. Morgan, Wash- 

30 

750 

20 1, 000 

i 

20 

2,000 

3,750 

Aug. 1 

Oct. 15 


, ington, D. C 




l 



4 

| H. E. Culpepper, Ports¬ 

28 

700 

1 25 , 1,250 

1 1 , 

30 

3,000 

4,950 

July 10 

Nov. 30 


mouth, Va. 






I 


Contract awarded to Thomas P. Morgan, of Washington, D. C. 


Digitized by <o;ooQle 









362 


REPORT OF THE CHIEF OF EN3INEERS. 


The work proposed is widening Park’s Gap and its approaches, and 
the excavation of a cut-off near the lock of the Albemarle and Chesa¬ 
peake Canal in order to facilitate the passage of vessels into the lock. 

Owing to the increased traffic passing through this river, a more ex¬ 
tended system of improvement than was at first contemplated has been 
found necessary. The depth has been increased from 5 to 7£ feet,and the 
navigation much improved. 

Several small bars have formed below Park’s Gap, for the remoral 
of which an appropriation of $5,000 is recommended. 

The original estimate for this improvement was $25,000. 

Appropriations have been made as follows: 

March 3, 1873, $15,000. 

June 23, 1874, $10,000. 

March 3, 1875, $5,000. 

Angnst 14, 1876, $5,000. 

Elizabeth River is in the collection-district of Norfolk, Va., at which the custom-re¬ 
ceipts for the year ending Jaue 30, 1876, were $25,482.90. 

The increase of trade in this river is shown by the following state¬ 
ment of the number of passages through the Albemarle and Chesapeake 
Ganal since 1870. The number includes ail classes of vessels. 


Year ending September 30, 1870.. 4,$32 

Year ending September 30, 1871. 4,900 

Year ending September 30, 1872...4,808 

Year euding September 30, 1873.. 5,770 

Year ending September 30, 1874. 6,983 

Year eudiug September 30, 1875. 6,502 


The shipments north during the year 1S75 included 47,754 bales cot¬ 
ton, 13,217 barrels fish, 11,202 barrels naval stores, 440,907 bushelscorn, 
32,019 railroad ties, 46,475 bushels potatoes, 27 milliou feet of lumber, 


31 milliou shingles. * 

Money statement . 

July 1, 1870, amount available. $118 02 

Amount appropriated by act approved August 14, 1876. 5,000 00 

5,118 02 

July 1,1877, amount expended duriug fiscal year. 128 13 

July 1, 1877, amount available. 4,989 89 

Amount (estimated) required for completion of existing project. 5,000 00 

Amouut that can be profitably expended in fiscal year euding June 30,1879.. 5,000 60 


\ 
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G 8. 

IMPROVEMENT OF NORFOLK HARBOR, VIRGINIA. 

In the act approved August 14, 1876, an appropriation of $35,000 
was made for the improvement of this* harbor. The work was adver¬ 
tised in the usnal manuer and the following bids were received and 
opened on Jane 20 at 12 m.: 


E 

n 

fc 


Name and address. 


ti 


Time of— 


Commence¬ 

ment. 


-j 

Completion. 1 



> 

◄ 


Number and kiodot 
machines. 


1 

Mom* Sc Cuming*. Dredg¬ 
ing Company, New York 
Citv. 

$0 13 

Oct 1,1677 | Dec. 30,1877 


2 

E. R. Seward, Albany. N. Y 

16 

July 15,1877 

Dec. 30,1877 

2,000 

3 

Clinton Stephens,Brooklyn, 

24 

July 10,1677 

July 10,1878 

■ 

800 

4 

Morris F. Brainard, Albany, 
N. Y. 

lli 

Sept. 1,1877 

Feb. 15,1878 

• 

to 

1,200 

1,500 

5 

Sidney F. Sbelbourne, New 
London, Conn. 

H 

Sept 15,1877 

June 30,1878 1 

to 

2,000 

6 

American Dredging Com¬ 
pany, Philadelphia, Pa. 

20 

July 16,1877 

Oct. 16,1877 1 

1 

7 

A. J. Dalton, Norfolk, Ya. i 

36 

Arg. 16,1877 

Jan. 1.1878 

700 

8 

H. E. Culpepper, Ports- i 
mouth, Va. 

18 

July Hi, lr7? 

Feb. 10,1876; 

• { 

r 7co 

9 

J. H. Femier, Albany, N. Y. 

17 

July 15,1877 

i 

July 1,1878 < 

l 

t«> 

l 800 

10 

G.H. Ferris. Baltimore, Md 

103 

! July 20,1677 

June 30.1878 

600 

11 

Austin P. Brown, Washing¬ 
ton, D. C. 

let 

6 weeks after 
execution of 
oontract 

In 8 months. 

| 



1 clam-shell, or 2 dip¬ 
pers. 

1 or more Star buck 
or 1 clam-shell. 

1 clam-shell. 
Grapple-dredge. 

3 dredges. 

2 or more dippers. 

1 large dipper. 


The contract was awarded to Mr. Sidney F. Sbelbourne, of New London, Conn., who 
was informed of the fact on the last day of the fiscal year. 


It will be seen from an examination of the bids that the lowest and 
next to the lowest bids are much less than might have beeu anticipated, 
on account of the distance and exposed position of the dumping-ground. 
A large amount of work can be done uuder the present contract, and, 
assuming that the same rates will be offered at the next letting, the 
amount required to complete the work will be less than the original 
estimate. Upon this assumption, $25,000 will be sufficient to complete 
the dredgiug at the month of the eastern branch of Elizabeth River 
and to remove any wrecks which are likely to cause objectionable de¬ 
posits. 

In my report of February 15,1875, the changes which had taken place 
in the harbor of Norfolk and its approaches were referred to, and a sur¬ 
vey was recommended to determine the amount of deterioration and to 
obtain data for the establishment of port-warden lines. This work has 
been partly executed by a board of officers appointed at the request of 
the harbor commissioners. The board have recommended the establish¬ 
ment of port-warden lines, aud have submitted a general plan for the im¬ 
provement of the harbor and its approaches, so as to give a depth of 
25 feet at low-water as far as the navy-yard. 
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The dredging recommended by the board in the harbor of Norfolk, 


exclusive of the approaches, was as follows : 

Cubic yards. 

1. On the border of Portsmouth Flats... 550,000 

2. At the mouth of the Eastern Branch...250,000 

• 3. Between the mouth of the Southern Branch and Berkeley Flats. 130,000 


Total...930,000 


I would state that the second item of the above estimate includes mj 
estimate for the improvement of the harbor, made in the report of Feb¬ 
ruary 15, 1875, and the appropriation of August 14, 1876, was for the 
purpose of executing this work. 

In order to carry 25 feet from Hampton Roads up to the city of Nor¬ 
folk, it will be necessary to dredge the channel between the Hospital 
light and SewalPs Point, so as to give a width of 400 feet and a low- 
water depth of 25 feet, which will require the removal of about 1,200,000 
cubic yards of material. 

As the final recommendations of the board have not yet been made 
public, it seems proper to defer for the present making any estimate for 
the general improvement of the harbor and its approaches. 

Norfolk is a port of entry. The receipts of customs for the year ending Jnne 30. 
1876, were $26,482.90. The business of the city is, however, almost entirely confined 
to exports and domestic shipments of cotton, naval stores, lumber, breadstuff*, Ac. 

The following statistics of the trade and shipping are given, in addi¬ 
tion to those presented in the report of February 15, 1875: 


Foreign-bound clearances . 


Year. 

No. of 
bottoms. 

Tonnage. 

1873. 

71 

96 

119 

94 

30,613 
51,139 
53.6-3 
65.SM 

1874 . 

1875 ... 

1876 .... 

, Total. 

380. m,m 

Coastwise clearances. 

Year. 

Tonnage. 

Crew. 

No. of 
bottom. 

1873 .. 

1,031.376 

1,119,030 

968,271 

1,104,747 

29,368 

30,506 

25,865 

28,800 

1,072 

ua 

1.094 

1,079 

1874 . 

1875... 

1876. 

Total. 

4,213,423 

114,539 

iW 



STATEMENT OF EXPORT VALUES. 


1873 .$1,267,769 

1874 . 3,906,316 

1875 . 6,243,93* 

1876 . 7,825,112 


Total..... 19,243,171 

Money statement . 

Amonnt appropriated by act approved August 14, 1876...$35,000 00 

July 1, 1877, amount expended during fiscal year. 28915 


July 1, 1877, amount available 


34,710 85 


Amount (estimated) required for completion of existing project. 25,000 00 

Amount that can be profitably expended in fiscal year euding June 30, 1879. 25,000 (4 
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G 9 . 

IMPROVEMENT OF NANSEMOND RIVER, VIRGINIA. 

The appropriation of $5,000 for the improvement of this river was 
made available May 1,1877, and the work duly advertised for contract. 
The following bids "were received and opened June 20,1877, at 12 m : 




1 

2 

3 


! Dredging. 

Repairing dike, 


9 

9 

g 

© 

P. 

6 

i .2 

Name and address. £> 

«* 

u 

■ £ 

For 10 000 
cubic yards.' 

1 

I 

For 150 sec¬ 
tions. 

Total. 

fl 

• 

s 

H 

Time of coi 
tion— 

t 

H. E. Culpepper. Portsmouth, Va 10 30 

G. H. Ferris, BaltimoTe, Md. 12J 

13,000 

#16 50 , 


#5, 475 

: 

1877. 
July 15 

1877. 
Nov. 15 

1,250 

21 00 

3,150 

4,400 

Aug. 15 

Deo. 1 

Morris &Canoings Dredging Com -1 
pany, New York City. 20 

2,000 

20 00 

3,000 

5,000 

Oct. 1 

Dec. 31 


Contract awarded to G. H. Ferris, of Baltimore, Md. 

The w'ork proposed is the widening of the channel at Suffolk and 
dredging a channel through a bar below Shingle Creek, aud also repair- 
ingthe old dike at Western Branch Bar. 

The original estimate for improving this river was $30,000. 

The following appropriations have been made: 

March 3,1873, $15,000. 

June 23, 1874, $10,000. 

March 3, 1875, $5,000. 

August 14, 1876, $5,000. 

As stated in the last report, $2,000 will be required for the completion 
of the work. 

The following is an estimate of the trade for the year ending June 30, 
1877: 

SHIPMENTS. 

Twenty thousand cords wood, 3,000,000 feet of lumber, 100.000 water-melons, 80,000 
bushels wheat, 100,000 bushels corn, 200,000 railroad-ties, 1,000 barrels citrons, 20,000 
tons of hay, 40,000 bushels lime, 5,000 barrels potatoes, together with a large amount 
of fruit. 

The receipts include coal, ice, &c. 

Suffolk is in the collection-district of Norfolk, the receipts of which, during the year 
ending June 30, 1876, were $26,482.90. 

Money statement 


July 1,1876, amount available. $«7 59 

Amount appropriated by act approved August 14, 1876. 5,000 00 

- 5,087 59 

July 1,1877, amount expended during fiscal year... 347 07 


July 1,1877, amount available ... 4,740 52 


Amount (estimated) required for completion of existing project.... 2,000 00 

Amount that can be profitably expended in fiscal year ending June 30, 1879. 2,000 00 
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G io. 

IMPROVEMENT OF PA^fPLICO RIVER, NORTH CAROLINA. 

The improvement proposed in the report of an examination of this 
river dated December 14,1875, consisted in dredging a channel through 
the bar near the town of Washington and at other points iu the river- 
channel, and in removing the pile-obstructions near Hill’s Point, about 
6 miles below Washington. For this work an appropriation of $15,000 
was made by the act of August 14, 1870, and became available for the 
same May 1, 1877. 

The work was advertised for contract and the following bids received 
and opened at 12 in. on June 27, 1877 : 

Separate bids were invited for dredging and removing piles. 


5a 

Name and addreta. 

ng, per 
yard. 

V 

'5. 

Si 

Time of— 

M 

B 

s 

fc 


il 
! r 

s 

£ 

Co ES**‘ | 

1 

George C. Forbes, Baltimore, Md. 

1 10 29* 

14 70* 

Aug. 1,1877 Jan. USB 

2 

3 

G. B. Ferris, Baltimore, Md. 

Clemente Brown, Norfolk, Va. 

! 15' 

3 00 

4 00 

Oct. 1,1877 July 1.188 
July 15,1877 Nov. 15,1I1T 
Aug. 1,1877 Nov. 10,1817 

4 

Swindell Sc Sparrow, Washington, N. C. 


1 90 

5 

Clinton Si Stephens, Brooklyn, N. Y. 

30 

3 00 

July 10,1877 Jan. 1,1818 

6 

J. H. Fenner, Albany. N. Y. 

21 

2 00 

Sept. 1,1817 j Jan. 1,1818 

7 

1 Thomas P. Morgan,’Washington, D.C... 

20 

2 00 

Sept. 15.1877 April 1,188 

8 

Morris F. Brainard. Albany, N. Y. 

William Flannery, New York City. 

j 23* 

1 40* 

July 15,1877 Oct 10,1817 

9 

15 1 

3 75 j 

July 30, ieT7 Nov. 3M?n 

10 

H. E. Culpepper, Portsmouth, Va. 

25 

3 00 

Sept 1,1877 j FeU 1.1BB 


* Conditional upon award of whole work. 


Contract for dredging awarded to G. H. Ferris, of Baltimore, Md. 

Contract for removing piles awarded to Swindell & Sparrow, Washington, N. C. 

The prices at which this work has been let are much lower than those 
of the original estimate made when much higher ones prevailed. It 
will be practicable to do all the work then contemplated under the pres¬ 
ent appropriation, and no further appropriation will be required. 

Money statement 


Amount appropriated by act approved August 14, 1876...... $15,006 00 

July 1,1877, amount expended during fiscal year. 363 96 

July 1,1877, amount available. 14,636 04 


G ii. 


IMPROVEMENT OF ROANOKE RIVER, NORTH CAROLINA. 


At the commencement of the fiscal year the work upon the dike at 
Indian Highland Bar was suspended on account of the sickness of the 
superintendent and bis men. The contractor seemed to be unable to 
find a competent man to couduct his operations. 

The driving of the sheet-piling was resumed about July 15, but 
the work still advanced slowly, sometimes on account of high-water, 
sometimes from breaking of machinery, and sometimes for the want of 
an engineer and superintendent. The contractor was urged to send 


Digitized by 


Google 













APPENDIX G. 


367 


competent men to conduct the work. He assigned as a reason for not 
doing so the difficulty of inducing any one to remain in so sickly a 
locality. In the midst of these delays the river rose rapidly when the 
work was in an exposed condition, and all operations were necessarily 
suspended. The high-water continued from August until December, 
when the work was examined and was found to have been considerably 
damaged. As tbe funds were Insufficient for the repairs, farther operas 
tions were suspended. Tbe contractor, although he bad been dilatory, 
bad been delayed by the illness of his superintendent, and his operations 
had been further obstructed by the sudden floods, which were unusually 
frequent. 

It has been previously stated that one of the obstacles to improving 
the Roanoke is tbe sudden change in tbe water-level, and another ob¬ 
stacle, even more formidable, is found in the shifting of tbe sand bars. 
The bars, however, are generally passable at tbe time when the crops 
are being forwarded to market, and navigation is supended when the 
business of transportation has almost ceased. It does not appear that 
the present state of trade demands an immediate improvement of the 
river. Some snags might be removed with advantage. Before this can 
be done it will be necessary to build uew snag-boats, as the old ones are 
Bomnch decayed that they cannot be used another season. 


To build new boats with suitable machinery will cost.$2,000 00 

For removing snags there will be required. 2,000 OO 

Total. 4,000 00 


A full accouut of tbe obstructions and tbe difficulties of improving 
tbe river will .be found in my reports for 1875 and 1876. 

The estimate for the improvement of the entire river is $222,000, of 
which at least $45,000 should be appropriated for the first year if tbe 
entire work is to be undertaken. This project, however, is left for the 
approval of Congress. 

The following appropriations have been made: 

March 3,1871, $20,000. 

Jane 10,1872, $10,000. 

March 3,1873, $10,000. 

June 23, 1874, $5,000. 

The nearest collection-district is Edeuton, N. C. 

Money statement 


July 1,1870, amount available. $5,282 63 

July 1,1877, amount expended during fiscal year. 5,100 65 

July 1,1877, amount available. 181 98 

Amount (estimated) required for completion of existing project. 222,000 OO 

Amount that can be profitably expended in fiscal year endiog June 30,1879 . 4,000 00 


G 12. 


IMPROVEMENT OF PERQUIMANS RIVER, NORTH CAROLINA. 


An appropriation of $2,500 was made August 14,1876, for the re¬ 
moval of stumps, logs, &c., obstructing the channel of this river at 
Hertford, and became available for the work May 1. Suitable snag- 
boats and machinery bad previously been in use on the ltonnoke River, 
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and it was recommended tbat these be transferred to Perquiman's River 
and tbat the work be done by hired labor, it being evident that the 
work could be done in this way more cheaply than by contract Tim 
recommendation having been approved, the snag-boats were repaired at 
Plymouth, where they had been laid up, and towed to Perquiman’s 
River in June, 1877. The work of removing the stumps with the aid 
of giant-powder is now in active progress. It is not probable that any 
further appropriation will be needed for this work. 


Money statement. 

Amount appropriated by act approved August 14, 1876.$2,500 00 

July 1,1877,amount expended during fiscal year. 345 86 

July 1,1877, amount available. 2,154 14 


G 13 . 

IMPROVEMENT OF FRENCH BROAD RIVER, NORTH CAROLINA. 

An appropriation of $10,000 was made in the act approved August 
14,1876, for the improvement of this river between Brevard and the 
Buncombe-County line, and became available May 1, 1877. Examina¬ 
tions of the river were made under the direction of Major McFarland, 
Corps of Engineers, in 1874-’75, who submitted an approximate estimate 
for the improvement of the river, based upon levels carefully deduced 
from railroad surveys. By this examination the project of improving 
the river by means of lateral dams, dredging, and excavation, so as to 
give 30 inches over the bars at low-water, was found to be impracti¬ 
cable. 

No instrumental survey of the river had ever been made or maps pre¬ 
pared, without which a definite project and estimate for its improvement 
could not be submitted, or even the practicability of such improvement 
determined upon. Arrangements have been made for this survey, and 
it will be begun in July. The appropriation provides for the improve¬ 
ment of the upper section of the river, making no provision for the 
lower section, betweeu the Buncombe-County line and Asheville, which 
is even more difficult of navigation, but which is an essential part of an 
efficient improvement. 

Money statement. 


Amount appropriated by act approved August 14,1876.$10,000 00 

July 1,1877, amount available. 10,000 00 
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ANNUAL ^REPORT OF I LIEUTENANT-COLONEL Q. A. GILL- 
MORE, CORPS OF ENGINEERS, FOR THE FISCAL YEAR 
ENDING JUNE 30, 1877. 

United States Engineer Office, 

New York, July 13,1S77. 

General: I have the honor to submit herewith the annual reports 
for the fiscal year ending June 30, 1877, upon the works of river and 
harbor improvement uuder my charge. 

Very respectfully, your obedient servant, 

Q. A. Gillmore,- 

Lieut. Col. of Engineers, Bvt. Maj. Gen., U. 8. A. 

Brig. Gen. A. A. Humphreys, 

Chief of Engineers , U. 8. A. 


H x. 

IMPROVING CHARLESTON HARBOR, SOUTH CAROLINA. 

During the fiscal year ending June 30,1877, the work in Charleston 
Harbor was confined to the lowering of the channel end of the Bowman 
jetty to mean low-water on the outer portion and to 2 feet above that 
level on a portion adjacent thereto. A little dredging was done in the 
Beach Channel by the United States dredging-steamer Henry Burden. 

The following communication from Capt. James C. Post, Corps of En¬ 
gineers, gives a report of these operations in sufficient detail: 

Savannah, Ga., June 30, 1877. 

Colonel: I have to submit the following report of the work for the improvement 
of Charleston Harbor, S. C., conducted during the past fiscal year ending June 30,1877. 
The operations for the past year have been confined to the improvement of Beach 
Channel entrance to this harbor. In October, the dredging-steamer Henry Burden 
having been transferred to this channel, the dredging was commenced. After the re¬ 
moval of 680 cubic yards of material this was suspended, as the shoaling that had 
taken place near the western entrance to the channel had been so great that there 
was not sufficient water for the steamer to work in. At this time there was but 10.5 
feet through this portion at high-water, or 5.1 feet at mean low-water. 

Shortly after this it was determined to lower 135 feet of the Bowman jetty to low- 
water. This work was commenced in October, 1876, and was oompleted in January. 
Soundings taken after its completion gave 13.5 feet as the least depth iu the channel. 

Daring this work the prevailing winds were westerly. This result was so favorable 
that it was thought best to extend this lowering over an additional distance of 50 feet. 
At the completion of this, soundings gave, as the least depth, 12.5 feet, or a shoaling 
of 1 foot in depth. The prevailing winds during this portion of the work were east¬ 
erly. Notwithstanding this, it was decided to continue the lowering, and it has been 
done up to the present time. In all, 185 feet have been lowered to low-water and 205 
feet to 2 feet above low-water. In doing this 4,800 cubic yards of stone have been 
removed. 

24 E 


Digitized by ^ooQle 



370 


REPORT OF THE CHIEF OF ENGINEERS. 


During the lowering of the latter portion the prevailing winds have heeu easterly 
until within the last ten days, since which time they have been westerly. Soundings 
taken during the progress of lowering this portion gave no improvement iu depth be> 
fore the commencement of the westerly winds. On June 25, soundings were again 
taken. These last show decided improvement, 14 feet being the least water found in 
any of the lines upon which soundings were taken. 

From the above it will be seen that the whole of the improvement has taken place 
during the prevalence of the westerly winds. The direction of Beach Channel is nearly 
east and west, and the natural effect of these winds, especially those from the south¬ 
west, is to drive more water through Beach Channel on the ebb-tide as the jetty is 
lowered. It is due to this, in my opinion, that the greater depth has been obtained. 
The ebb-current from the Hog Island Channel and the basin in the rear of Sullivan's 
Island passes along the western end of the latter island, and following the trend of 
the shore flow's along the south side of the island until it moets the Bowman jetty, 
which, while it was at its former height, deflected the greater portion through the 
Swash Channel. Since the lowering ofthe jetty a larger proportion of it escapes over 
the jetty and through the Beach channel, a still greater proportion being driven 
through it during the westerly winds. This is made still clearer when it is considered 
that the depth gained during the lowering of the first 135 feet was assisted by the 
westerly winds, and th^t daring the lowering of the remaining 255 feet while the 
easterly winds were prevailing, not only no increase of depth was gained, hut the depth 
was actually lessened 1 foot. A return of the westerly winds has now given an in¬ 
crease of 1.5 feet in depth. 

I believe, therefore, that as the work of lowering progresses it tends rather to an 
equalization of the volumes of water passing through this channel on the ebb and 
flood tides, and that it is this effect that gives the increased depth in this channel. 

Very respectfully, your obedient servant, 


Lieut. Col. Q. A. Gillmore, 

Corps of Engineers , U. S. A. 


James C. Post, 
Captain of Engineers . 


It was thought best to postpone the resumption of dredgingin Beach 
Channel until the beneficial effects produced upon the regimen of the 
channel by lowering the Bowman jetty had reached a maximum, and 
had been carefully observed aud studied. The work upou the jetty has 
been necessarily slow, for the reason that but few men can work there 
to advantage, and ouly about three to four hours per day on an average, 
under the most favorable circumstances, so that useful results are greatly 
retarded. 

The money expended upon the jetty during the last fiscal year was 
not intended for that purpose when the estimate was submitted. It 
was originally contemplated to expend the entire sum in dredging in 
Beach Channel, but the unlooked-for shoaling of that channel to a depth 
less by several feet than has ever been known to exist there for many 
years, led to the conclusion that no improvement secured by dredging 
alone could be expected to be permanent. The lowering of the outer 
end of the jetty, by which the sectional area of the water-way and the 
volume of flow have been increased, has had the desired effect, and it 
is hoped that the balance on hand will suffice for such dredging as may 
be deemed necessary. 

The work upon the jetty has been suspended in order to ascertain to 
what extent results of a permanently beneficial character have been 
secured. 

To provide for such additional work upon the jetty as shall be found 
to be necessary—either in shortening or in still further lowering it—a 
small appropriation of $5,000 is recommended. 

The original project for the improvement of the Ship Channel in 
Charleston Harbor, submitted May 13,1871, estimated the total cost at 
$73,700 to $75,700. It contemplated the removal of nine wrecks, or 
parts of wrecks, in different parts of the harbor, and the removal of 
125 linear feet from the outer end of Bowman jetty. It has been found 
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that the amount of stone necessary to be removed from the jetty has 
exceeded that provided for in the original estimate by several thousand 
yards. The width of the jetty at the bottom was concealed by the sand 
which covered it to a considerable depth, and its real extent conld not 
be ascertained, although carefully examined by submarine divers. It 
was found to have spread out by undermining and settlement greatly 
beyond its dimensions as first designed. 

A table of commercial statistics of the port and showing the amount 
of revenue collected in each of the past four years, furnished by the 
collector at Charleston, is appended hereunto. 

The amounts and dates of all former appropriations for this work are 
as follows: 


By act approved March 3,1871.$13,000 

By act approved June 10, 1872. 38,700 

By act approved March 3, 1873. 5,000 

By act approved June 23, 1874 ... 18,000 

By act approved March 3, 1875. 10,000 

By act approved August 14,1876. 10,000 


Total... 94,700 


Of this amount there had been expended up to the close of the last 
fiscal year (including outstanding liabilities) $83,637.93. 


Money statement 


July 1,1876, amount available..$1,008 80 

Amount appropriated by act approved August 14, 1876. 10,000 00 


July 1,1877, amount expended dnriog fiscal year. 3,640 09 

July 1,1877, outstanding liabilities... 1,306 64 


July 1,1877, amount available.. 

Amount (estimated) required for completion of existing project. 

Amount that can be profitably expended in fiscal year ending June 30,1879. 


$11,008 80 


4,946 73 


6,062 07 


11,000 00 

5,000 00 
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H 2. 


IMPROVING SAVANNAH RIVER AND HARBOR, GEORGIA. 


The work that has been accomplished during the past fiscal year, 
toward the improvement of the river and harbor of Savannah, is re¬ 
ported by Capt. James C. Post, Uuited States Corps of Engineers, 
assistant on the work, uuder date Juue 30, 1877, as follows: 


The following are the places at which operations have been conducted daring the 
past year: 

1. The Cross Tides Dam. 

2. The channel between King’s and Hutchinson's Islands. 

3. The new channel at " The Wrecks.” 

4. The shoal southwest of Oyster Bed light and northwest of Fort Pulaski. 

5. The channel northeast of Fort Pulaski. 

The temporary injunction granted by the Supreme Court of the United States, re¬ 
straining the completion of the dam at the Cross-Tides having been removed, work 
was resumed upon it March 6,1877. This was continued until April 22, when a freshet, 
bringing with it a large quantity of drift material, destroyed 186 feet of its outer end. 
The greater portion of this was only partially constructed. After the displaced mate¬ 
rial had been removed and a sufficient amount of sheet-piling had been driven to 
properly securo the southern extremity of the dam with the shore, work was suspended 
until further consideration could be given to the modification of the present plan of 
construction, which modification is now deemed necessary. A detailed report of this 
work is inclosed herewith. 

To further aid the ebb-flow into Front River, and also to relieve the pressure upon 
the dam dnriug its construction, the water-way between King’s and Hutchinson’s 
Islands has been increased to 60 feet in width ana 9 feet in depth at low-water, by the 
removal of 25,047 cubic yards of material. This was done under a contract made with 
the city of Savannah, whose proposal to remove with their deedge 50,000 cubic yards 
for 24 cents per cubic yard, was accepted March 24,1877. 

At the new channel at “ The Wrecks’’115,189 cubic yards of material have been 
removed, and one crib taken out from its south side, 57,501 cubic yards of this mate¬ 
rial have been removed by the United States dredging-steamer Henry Burden, 2,713 
cubic yards by the city of Savannah, and, under a contract for the removal of 100,000 
cubic yards, 54,975 cubic yards by the American Dredging Company. 

One cut 5,879 feet in length, 24 feet wide, and 15 feet deep, mean low-water, has been 
made through the entire length of this shoal. The flowing in from the sides has 
reduced this depth to 12 feet mean low-water, while at the same time its width has 
been increased to 60 feet by this flowing in, together with the scour of the increased 
current. A second cat of the same dimensions as the first is now being made by the 
American Dredging Company. They have opened it to a distance of 2,879 feet from 
the western end or the shoal. A third cut is also being made by the dredge of the 
city of Savannah. They have progressed 451 feet. 

There is now a channel-way through this shoal 250 feet wide between the 8-foot 
curves. Under the existing contracts with the American Dredgiug Company and the 
city of Savannah it is expected that a channel 120 feet wide and 13 feet deep, mean 
low-water, will be obtained by the commencement of the cotton-shipping season. The 
increase of the shoal southwest of Oyster Bed light and northwest of Fort Pnlaski, 
and the consequent rfarrowing of the channel, rendered dredging necessary at this 
point. On May 2 the dredging-steamer Henry Barden commenced work upon this 
shoal and removed 12,012 cubic yards. By this removal the channel at the northwest 
end of the shoal was increased 400 feet in width at the 13-foot curves. Owing to the 
presence of a wreck or some sunken obstruction, probably a portion of one of the 
wrecks mentioned in the annual report of 1874 as removed, and which several times 
foaled the drag of the dredge, the channel was not increased in width between these 
carves at the southeast end of the shoal. Over this portion the water-way was deep¬ 
ened about 1 foot, which depth seems to be abont on a level with the top of the wreck. 
After the removal of this wreck it is estimated that the channel between the 13-foot 
curves can he increased 150 feet in width by the removal of 2,400 cubic yards. It is 
due, undoubtedly, to this wreck that the shoal has been increasing. 

The shoaling of the channel northeast of Fort Pnlaski, as mentioned in the last 
annual report, haying continued until the least depth in this channel was 12 feet 6 
inches mean low-water, the dredging-steamer Henry Burden was, on June 11, in accord¬ 
ance with authority received, transferred to this channel. Since this time, 6,395 cubic 
yards have been removed and the channel is deepened to 12| feet. This shoaling is 
believed to have been caused by the contraction of the channel-way southeast of 
Oyster Bed light. 
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The other channels which have been dredged dnring previous fiscal years were 
sounded out dnring the present month with the following results, viz: At Garden Bank 
considerable shoaling has taken place in the channel. It is now 120 feet wide and 13 
feet deep, mean low-water, at its narrowest part. The upper or western end of this 
shoal has, for a distance of 150 feet, been reduced materially. This is probably due to 
the opening of the new “ Wrecks” channel, which allows an easier exit for the ebb- 
current passing down Front River. The wearing away of this shoal will probably be 
increased, now that an enlarged channel-way has been opened between King’s and 
Hatchinson’s Islands. 

At the head of Elba Island, the lower half of the dredged channel has deepened. 
The upper half, especially at its junction with the south channel, has shoaled until now 
there is but 11| feet mean low-water through it. 

Abreast of Elba Island the greater portion of the channel has deepened, but near the 
lower end it has shoaled for a distance of 200 feet to 11| feet mean low-water. 

Opposite the lower end of Elba Island, the channel has shoaled to 10 feet mean low 
water for a depth of 400 feet. The other channel, where dredging is contemplated in 
the approved project, but has not yet been done, viz, opposite the upper end of Long 
Island, was also sounded. This channel, mentioned in the report for the fiscal year 
1874 as having been deepened by scour, is now of the same depth as given on the Coast 
Survey chart of 1867, viz, 12| feet. 

The injury to the dam, referred to by Captain Post, was reported to 
the Chief of Engineers May 14, 1877, in the following letter: 


New York, May 14, 1877. 

General : I have the honor to transmit herewith a letter from my assistant, Capt. 
James C. Post, Corps of Engineers, dated Savannah, Ga., April 24, 1877, reporting seri¬ 
ous damage to the temporary dam now in process of construction at the Cross-Tides, 
by drift-wood brought down by a heavy freshet, which occurred on and after April 20. 

It appears from the report that the work first gave way in that portion which was 
began prior to the suspension of operations on May 13,1876, under an injunction from 
the United States Supreme Court. When work was resumed early last winter, it was 
found that some of the panels bad been cut under and others carried away or broken, 
but it was thought that the strength of the piling was not seriously impaired, although 
they had been more or less shaken and otherwise disturbed in consequence of the weak 
and unprotected condition in which the work had been left through several months. 

The recent damage is of such a character, and has left the portion which stands, 
although apparently uninjured, in such a state of possible weakness, that I do not deem 
it prudent to finish the dam at present in accordance with the original design. It is, 
moreover, very desirable, when the dam is being finished, and an increased flow is 
thereby secured in Front River, that fuuds should be available for widening at once the 
contracted water-way at Kinzey’s Point, opposite the upper end of Savannah City, so as 
to prevent any possible damage to the city wharves. 

The necessity for continuing the dredging in the new channel at the “Wrecks,” in 
order to provide a practicable ship-channel there at the earliest moment, as the old 
“Wrecks” Channel is gradually filling up, has rendered it impossible to use any of the 
existing appropriation for work on Kinzey’s Point. 

I have, therefore, thought it best, all things considered, to direct a suspension of work 
on the dam until more money is appropriated. 

Very respectfully, your obedient servant, 

Q. A. Ghxmore, 

Lieut . Colonel of Engineers, Bi t. Maj Gen., €. S.A. 

Brig. Gen. A. A. Humphreys, 

Chief of Engineers. 


LETTER OF CAPTAIN JAMES C. POST, CORPS OF ENGINEERS. 


Savannah, Ga., April 24,1877. 

General: I have to report that from the 62d pile outward the Cross-Tides Dam has 
been destroyed by the freshet that has existed in the Savannah River since Friday, the 
20th instant. At the 62d pile the water was 14 feet 8 inches deep at extreme low- 
water, and deepened to 22 feet at the 80th pile. This extreme low-water was 4 feet 4 
inches below the cross-braces. 

Apparently the dam first gave way between the 62d and 72d piles, all of the in¬ 
cluded ones being those driven under the contract made with Mr. Symons during the 
past year. Mr. Daubeney reported that all piles were driven from 12 to 17 feet in the 
bottom, but as he did not state the soundings at each pile when they were driven, I 
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have do means of knowing how far they were still in the bottom when the work was 
resumed this year. These piles, however, I examined thoroughly when Mr. Brown be¬ 
gan, and they appeared to be strong and firm. The shutters between them had been 
driven by Mr. Brown to a depth of from 4 feet to 44 feet. 

For the past ten days, owing to the great rain-fall in the country drained by the 
Savannah early in the month, the water has been very high, and at its lowest stages 
falling only to the bottom of the cross-braces, and at its highest rising 4 feet 6 inches 
above them. On Thursday, the 19th instant, the water began to show considerable 
diminution in height, as though the freshet was abating, and up to this time the dam 
bad not been apparently damaged. The next day another rise began, and with this 
came great quantities of drift material, and it is due to this latter entirely, in my opin¬ 
ion, that the dam was affected. Two men were engaged all day Saturday and Sunday, 
and Sunday night as well, in endeavoring to keep the dam free from this accumulation, 
which consisted of branches and trunks of trees, reeds, cane-brakes, and water-logged 
sticks and stumps, but the current was so strong and the accumulation so rapid, that 
it was found impossible to keep it clear; and in some places the openings between the 
piles were closed entirely from nearly the river bottom to above the cross-braces, the 
only escape for the water being on either side of the accumulation or under it. The 
current ran nearly 3 miles an hour, and without the drift material caused a pressure 
in the deepest water of 195 pounds to the running foot, w hioh the dam appeared to 
stand successfully. Computing the panel as entirely closed, as above stated, this pres¬ 
sure is increased to 231 pounds per foot, or 1,380 pounds per panel. Even with this 
pressure, I believe the dam would have remained intact had it not been for the hydro¬ 
static pressure exerted by the water in endeavoring to escape underneath the accumu¬ 
lation of drift, which drew the piles out of the river bottom and raised the whole struc¬ 
ture, from the point mentioned outward, or a distance of 150 feet, from 1 foot to 3 feet, 
the depth at the same time being increased by the undercut of the current. At pres¬ 
ent, as the water is still very high and the current swift, I am unable to state the 
amount of damage done, if any, to the remaining portion of the dam. I have directed 
an examination to be made as soon as the water will permit it, when l will forward an 
additional report. 

Very respectfully, your obedient servant, 

Jas. C. Post, 
Captain of Engineers . 

Lieut. Col. Q. A. Gillmore, 

Corps of Engineers , U . S. A, 

A detailed report of the dam will be submitted as soon as a project for 
its modification has been prepared. 

Although such high freshets, accompanied by large bodies of drift¬ 
wood, as caused the injury to the temporary work of the dam above re¬ 
ferred to, are not of frequent occurrence on the Savannah River, it is 
believed that prudence requires some modification of the origiual design 
of the dam. Whether additional strength shall be given to it to a degree 
that will enable it to withstand any unusually great pressure to which 
it may be subjected in times of exceptionally high freshets, or whether 
it shall be entirely submerged so that it will be practically unaffected 
by freshets and drift materials, remains to be yet determined. 

Although the unexpended balance of the appropriation is deemed to 
be quite sufficient for its completion upon either of the two plans above 
indicated, it is believed to be inexpedient to resume work upon it until 
the funds are provided for enlarging the water-way below the Cross- 
Tides, and especially at Kinzey’s Point, so as to afford a free passage 
for the increased volume of water which the dam is expected to divert 
into Front River. 

WORK RECOMMENDED FOR NEXT FISCAL YEAR. 

It is proposed during the next fiscal year, in case of an appropriation 
being made, to continue the improvement of Savannah River, as indi¬ 
cated below. 

1. To complete the dam at Cross-Tides. 

2. To remove 150 to 200 feet from the outer end of the old King’s 
Island jetty. 


Digitized by ^ooQle 



376 


REPORT OF THE CHIEF OF ENGINEERS. 


3. To increase the sectional area of the water way in Front River, 
below the Cross-Tides, so as to provide a free flow of the enlarged 
volume of water which is expected to result from the completion of the 
dam. The points at which enlargement will be necessary are Kinzey’s 
Point, opposite the city, and perhaps also the shallow channel between 
Marsh and Hutchinson’s Islands. 

4. To continue the dredging in the new channel at the u wrecks” to t 
mean low-water depth of 14£ feet and to a suitable width. 

5. To remove the wreck or portion of wreck opposite the Oyster Bed 
light, and do such dredging as may be found necessary or desirable at 
that point. 

6. To restore the deptn of 14£ feet originally obtained in the channel 
northeast of Fort Pulaski, should it be found that no scour is induced 
in this channel as the result of removing the obstruction above it, oppo¬ 
site Oyster Bed light. 

7. To dredge in other channels where shoaling has or may take place, 
should it become necessary to do so. 

This work of improvement is located in the custom-district of Savannah. 

A table of commercial statistics furnished by the collector of the port, showing the 
number, tonnage, and crews of vessels engaged in the foreign and coastwise trade, 
the value of exports, and the amount of import duties collected in each of the years 
1873 to 1876, inclusive, is appended hereunto. 

The estimated cost of the contemplated improvements of the Savannah River, sub¬ 
mitted August 28,1873, not including the cost of the necessary bulkheads along the 
amended water-way and jetties, and bulkheads elsewhere, is $481,320. 

The amounts and dates of the appropriations in ade since the adoption 
of the present project are as follows: 


By act approved June 23,1874 .$50,000 00 

By act approved March 3, 1875. 70,00000 

By act approved August 14, 1876.. 62,00000 


Total. 182,000 00 


Of this amount there had been expended up to the close of the last 
fiscal year (including outstanding liabilities) $154,147.85. 

Money statement . 


July 1,1876, amount available.$3,771 81 

Amount appropriated by act approved August 14, 1876. 62,000 00 

- $65,771 81 

July 1,1877, amount expended during fiscal year. 28,634 49 

July 1,1877, outstanding liabilities..... 9,285 17 

- 37,919 66 


July 1,1877, amount available .. 27,852 15 

Amount (estimated) required for completion of existing project. 299,320 00 

Amount that can be profitably expended in fiscal year ending June 30,1879. 150,000 00 
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H 3 . 

INSIDE PASSAGE BETWEEN THE SAINT JOHN’S RIVER AND FERNANDINA, 

FLORIDA. 

No work was done upon this passage during the past fiscal year, as no 
appropriation had been made for it by Congress. 

The channel, 40 feet wide and 4 feet deep, which during the previous 
fiscal year was opened by dredging through the shoals which obstructed 
the passage, at an expense of $7,372.40, was recently examined (on the 
14th of June) by Capt. James C. Post, United States Corps of Engineers, 
assistant on the work, so far as it was practicable to do so in passing 
through on a steamer. 

The following is his report thereon : 

Savannah, Ga., June 22, 1877. 

Colonel: I have to report the resalt of an examination of the inside passage 
between the Saint John’s River and Fernandina, Fla., made Jane 14, 1877, while pass¬ 
ing through it on a steamer belonging to the regular freight-line which was established 
in June, 1876, after the completion of the dredging at the several places reported in 
the annnal report for the fiscal year ending June 30, 1876. 

Proceeding from Fernandina toward the sooth, through the Amelia River, the width 
and depth of the channel is ample for the navigation of vessels of moderate draught as 
far as the second reach before entering Kingsley’s Cat. Through this latter, for a dis¬ 
tance of 100 yards, there is but 4 feet at low-water; the width, however, is sufficient 
Passing on to Kingsley’s Cut and through it, between the piers of the Florida Railroad 
draw-bridge, which are only about 50 feet apart, there is sufficient water until the 
southern end of the cut is reached; here, for a distance of 100 yards, the channel is 
but 50 feet wide and 4 feet deep at low-water. Beyond this cut, in passing through 
the dividing basin of the Amelia River, for a distance of 200 feet, the channel at low- 
water, though sufficient in depth, is hot 35 feet wide. Again, just to the south of this 
narrow portion, for a distance of 150 feet, the channel, which is snfficiently wide,is but 
4 feet deep at low-water. From these divides, through South Amelia River to Nassau 
Sound, and from thence to Gunnison’s Cut, Sawpit Creek, the channel is ample in 
width and depth. 

Through Gunnison’s Cut, where a channel 75 feet wide and 5 feet deep at low-water 
was dredged daring the last fiscal year, there is now a channel-way at low-water of 
only 25 feet in width and 3£ feet in depth. At this place the material dredged con¬ 
sisted of soft mud and sand, which, when removed, was placed on the side of the cut, 
the balance on hand for this work not being sufficient to permit its removal to a point 
where it would not partially flow hack again into the channel. Anticipating this flow¬ 
ing in, the increased dimensions were given to the dredged channel at this point, hop¬ 
ing thereby to gain a channel of some degree of permanence 40 feet wide and 4 feet 
deep at low-water. All of the steamers, however, that navigate this channel have side- 
wheels, which strike upon its sides as they pass through it and heat the material back 
again into the channel. It is largely due to this effect that this channel-way has be¬ 
come so contracted. 

The remainder of Sawpit Creek and the Sisters’ Creek remain the same as when the 
dredging was done, with the exception of the entrance of the latter into the Saint John's 
River. At this point the Oyster Shell Knoll, before reported, has formed a shoal which 
has reduced the channel to 25 feet in width and 2£ met in depth for a distance of 75 
feet. 

Before the expenditure in dredging, made last year, this inside passage was practi¬ 
cally iinnavigable. As soon, however, as these slight improvements were made a 
weekly freight-line of light-draught steamers commenced their regular trips through 
it, from Fernandina to the Saint John’s River, and have continued up to the present 
time; the freights of each month, I am informed, being greater than the preceding 
ones. During the past winter months a second weekly line was established, and there 
is every reason to believe that the majority of the commerce for the Saint John’s River 
would follow this lead if this channel was properly opened, and thus avoid the bar at 
the mouth of the river. 

The importance of opening a suitable channel-way through from Fernandina to the 
Saint John's River being thus demonstrated, I would respectfully suggest that an ap¬ 
propriation be requested for this work for the fiscal year ending June 30,1879. 

Very respectfully, your obedient servant, 

James C. Post, 

Captain of Engineer*. 

Lieut. Col. Q. A. Gillmore, 

Corps of Engineers , V. S. A. 
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An appropriation for the enlargement of this passage is respectfully 
recommended. 

This improvement is located partly in the customs-district and port of Fernandina 
and partly in that of Jacksonville. Such statistics of the commerce of these ports as 
I have been able to obtain are appended hereto in tables A and B. 

The estimated cost of completing the improvement, as detailed in my report for the 
fiscal year ending June 30, 1875, was $160,000 to $370,000. 

The amount expended since the adoption of the present project was $7,372.40. 

No appropriation was made for the fiscal year ending June 30, 1878. 

Amount that can be profitably expended in the fiscal year ending June 30, 1879, 
$25,000. 
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Entrance* and clearance* of vessels at ihe custom-house, port of Jacksonville, Fla., from 1870 

to 1874, inclusive. 

VESSELS ENTERED. 


Year. 

Coastwise. 

From foreign ports. 

Total. 

Value of 
imports. 

Number of 
vessels. 

1 Tonnage. 

| i 

Number of 1 
l vessels, j 

Tonnage. 

Number of 
vessels. 

Tonnage. 

1*70.. 

..1 356 

132,673 

13 

(?) 

369 

(?) 

$1,464 

1871.. 

404 

114, 928 

j 13 

2,156.86 

417 

117,084. 86 

728 

L-7*. 

415 

131,240 

15 > 

1, 563. 78 

430 

132, 803. 78 

3,653 

1*73.. 

463 

146,046 

! 33 

3,980. 21 

496 

150,026.21 

1,947 

1874.. 

414 

i 

166,092 

30 ] 

4, 946. 59 

444 

171,03a 59 

3,394 


VESSELS CLEARED. 


Year. 

Coastwise. 

1 

For foreign ports. 

Total 

Value of 
exports. 

Number of 
vessels, j 

Tonnage. 

1 Number of 
vessels. 

Tonnage. 

Number of 
vessels. 

Tonnage. 

1*70. 

379 

139,231 

25 

4. 816. 94 

404 

144,047.94 

$1,511,777 

1871. 

394 

114,596 

21 

4,956. 45 

415 

119.552.45 

1,395,675 

1872. 

446 

153,993 

27 

3, 09a 23 

473 

157,091.23 

1,606, 389 

1873. 

484 

, 156,807 

55 

1 8. 667.60 

539 

165,474.60 

1,978,106 

1871. 

420 

174,983 

52 

1 7,137. 07 

* 472 

182,120.07 

1, 990, 886 


H 4 . 

SAINT AUGUSTINE CREEK, (TH UNDERBOLT RIVER,) GEORGIA. 

This river constitutes the inside passage between the Savannah River 
and Warsaw Sound, and is used by the small steamers plying between 
Savannah and Brunswick, Darien, Fernandina, and the Saint John’s 
Riv$r. 

The only improvement that is recommended, or that is deemed nec¬ 
essary, consists in the removal of a heavy-timber dry-dock sunk there 
daring the civil war. It now lies directly in the channel, in 20 to 25 
feet of water, and constitutes a very dangerous obstruction. A number 
of casualties of greater or less importance have already been caused by 
it Its length is 225 feet, depth 25 feet, and breadth 65 feet; its thick¬ 
ness on the bottom being 3 feet, and on the sides 6 feet and upward. 
Its removal to a depth of 10 feet mean low-water will suffice. 

No appropriation has ever been made by Congress for the improve¬ 
ment of this stream. 

Appropriation recommended for this purpose, $5,000. 


H s. 

OPERATIONS OF THE UNITED STATES DREDGING-STEAMER HENRY BURDEN. 

NUMBER OF CUBIC YARDS DREDGED. 

On the Savannah River: 

Cubic yards. 


In the new channel at “ The Wrecks ”. 57,417 

In the channel opposite Oyster-Bed Light. 12,012 

In the channel northeast of Fort Pulaski. 6,395 


• Total, on the Savannah River. 75,824 

Number of cubic yards dredged in Beach Chanuel, Charleston Harbor.. 680 

Total dredged during the year. 76,504 
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EXPENDITURES FOR THE FISCAL YEAR. 


For payment of master and crew. $8,702 49 

For fuel. 3,026 77 

For supplies, (oils, paint, stallow, waste, rope, &c.). 570 62 

For repairing and renewing machinery, &c., of steamer. 465 54 

For repairing and renewing machinery of pumping appliances. 243 71 


Total for the year. 13,00913 

Of which was paid from the appropriation: 

For improvement of Savannah Harbor and River, Georgia. $11,448 38 

For improvement of harbor at Charleston, S. C... 1,560 75 


These figures cover all expenses for superintendence, wages and sab* 
sistence of crew, fuel, supplies, all necessary repairs to keep vessel and 
machinery in good order and prevent deterioration, and for the removal 
of worn-out portions of pumping apparatus. 

Cubic yack 


The greatest quantity of material dredged in any one day was. 715 

The greatest quantity of material dredged in any one week was. 3,020 

The greatest quantity of material dredged in anyone month was. 10,730 

Average cost per cubic yard in eight months’ work on Savannah River. $0 15 

Average cost per cubic yard in two months’ work in Charleston Harbor. 2 30 

Average cost per cubic yard during the year. 0 17 


Had it not been for the special causes which made the dredging in 
Beach Channel very costly, the average cost per cubic yard during the 
year would not have exceeded 15^ cents. The average cost per cubic 
yard during the previous fiscal year was 21^ cents. 

The appropriation for the Savannah Biver improvement having been 
exhausted, work was suspended July 12, and not resumed until Sep¬ 
tember 12. After working three days it was found necessary to again 
suspend, owing to the prevalence of yellow fever in Savannah and 
vicinity, and the steamer was taken to Charleston Harbor, where’an 
effort was made to deepen the Beach Channel. On account of the in¬ 
adequate depth of water, it was, after numerous trials, found imprac¬ 
ticable to work to any advantage, and the vessel was laid up until the 
subsidence of the yellow fever epidemic rendered it safe, on November 
14, to resume work on the Savannah River. 


H 6. 


WATER-LINE FOR TRANSPORTATION FROM THE MOUTH OF SAINT MART S 
RIVER, ON THE ATLANTIC COAST, THROUGH OKEFENOKEE SWAMP AND 
THE STATE OF FLORIDA, TO THE GULF OF MEXICO. 


United States Engineer Office, 

New York , December 30,1876. 

General : I have the honor to submit the following remarks con¬ 
cerning a water-route for transportation from the mouth of Saint Mary’s 
River, on the Atlantic coast, between the States of Georgia and Florida, 
through Okefenokee Swamp, and through the State of Florida, to the 
most suitable and convenient point on the Gulf of Mexico, a subject 
upon which I was requested to report by instructions from the office of 
the Chief of Engineers, dated November 3,1876. 
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The points to which my attention was especially directed in the letter 
of iDStractions are the following: 

1st. Tbe character and nature of the project of improvement, the nature and proba¬ 
ble extent of commerce and navigation interested therein, and how far the public in¬ 
terests will be benefited by the improvement when completed. 

2d. The probable expense attending a reconnaissance or an examination sufficient to 
determine the feasibility of the project, with general estimate of cost thereof. 

3d. The cost of such a survey as will be required for the purpose of preparing a 
project of improvement, with detailed estimate of cost. 

The main purpose sought to be attained by the proposed water-line is 
assumed to be a cheap means of sending eastward the products of the 
Mississippi Valley over a route that shall shorten the time and avoid 
the danger of the trip through the Gulf of Mexico and the Florida Straits* 

Two methods of accomplishing these objects suggest themselves: 

1. By a water-line of barges across the peninsula of Florida, continued 
westward to the Mississippi River by another inside barge-route through 
the land locked sounds and bays bordering the Gulf of Mexico in the 
States of Florida, Alabama, Mississippi, and Louisiana. 

2. By a ship-canal across the State of Florida of dimensions sufficient 
to pass large ocean-going vessels. 


1. BARGE WATER-LINE WITH* INSIDE BARGE-CONNECTION WEST. 


In determining the western terminus for a peninsula barge-canal from 
Saint Mary’s River, through Okefenokee Swamp, to the Gulf of Mexico, 
the advantages offered by the harbor of Saint Mark’s become at once 
apparent, whether considered with respect to either the inside or the 
outside connection west. 

From Saint Mark’s westward to Lake Borgne or Lake Pontchartrain 
there exists a nearly continuous natural land-locked water-route, by 
means of tidal sounds, bays, and connecting streams, requiring im¬ 
provement by dredging in some places, it is true, but only a compara¬ 
tively short aggregate length of solid cutting. The selection of a ter¬ 
minal point to the eastward of Saint Mark’s would render the connection 
with this western branch to the Mississippi River less direct, and, it is 
believed, more costly for the entire line, although, perhaps, less so for 
the peninsula branch alone. 

The chief object that is sought to be, and doubtless would be, attained 
by this canal is barge-transportation for the grain and cotton of the 
Mississippi Valley, and a portion of the cotton, timber, and lumber of 
the Gulf States, to some suitable harbor on the Atlantic coast, for re¬ 
shipment to ioreign and domestic markets. 

The grain-barges used on the Mississippi River vary in tonnage from 
600 to 1,500 tons, according to the stage of the river between Saint Louis 
and New Orleans. Their length varies from 180 to 220 feet, their breadth 
of beam from 30 to 40 feet, and their depth of hold from 6 to 9 feet. 
Assuming the largest size for fixing the dimensions of the canal, and 
omitting any present consideration of the water-supply, it follows that 
the trunk of the canal should have a bottom width of not less than 80 
feet, with 9 feet depth of water. A less depth would inadequately meet 
the object in view, should the projeet for securing from 8 to 10 feet of 
water from Saint Louis to New Orleans, at the lowest stage of the river, 
recommended by the Uuited States Senate Committee on Water-Routes 
to the Atlantic, be carried into effect. 

It may be remarked here that the bar at the mouth of Saint Mark’s 
Biver has upon it a minimum low* water depth of 8 feet, with a rise and 


Digitized by 


Google 



384 


REPORT OF THE CHIEF OF ENGINEERS. 


fall of 2.2 feet, while the river inside, as far up as the town of Saiut 
Mark’s, more than two miles from the bar, has a greater depth by several 
feet than can be carried over the bar. 

It might, perhaps, be desirable to make the canal of even greater 
depth than 9 feet, unless restricted to that depth by an inadequate sup¬ 
ply of water, so as to allow a numerous class of good sized coasting- 
vessels to use it. In this case the Saint Mark’s Bar would require deep¬ 
ening. Whether this is practicable by any method that shall be perma¬ 
nent, without being too costly, I am not prepared to say, having given 
no special study to the subject. 

THE SOURCE OF WATER-SUPPLY. 


The needed supply of water for the summit-level of the canal and the 
serv ce of its two locks, and for all the various losses incidental to such 
works, is expected to be drawn from the Okefenokee Swamp. Its 
capacity for that purpose is unknown, although believed to be ample 
for the requirements of a barge-canal of the dimensions indicated, if 
judiciously located and cut to the requisite depth. This swamp, with 
the probable exception of less than 2 per cent, of its entire area, located 
within the State of Florida, has been surveyed or examined, in conjunc¬ 
tion with a series of compass and level lines, at two different times, 
under direction of the authorities of the State of Georgia. The first 
examination was made by Lieut. R. L. Hunter in 1857. No copy of the 
map of this survey, but only some meager extracts from the text of the 
report, could be obtained. The second examination was made in 1875, 
by Mr. C. A. Locke, under the direction of Dr. George Little, State geolo¬ 
gist of Georgia. A copy of the map and an abstract of the report have 
been received through the courtesy of Hon. J. M. Smith, governor of 
Georgia. While the aggregate number of facts collected from these 
sources furnishes much interesting and valuable information concerning 
the extent, the height above tide-water, and the characteristic topo¬ 
graphical features of that locality, still the volume of water that may 
be drawn from the swamp and its water shed for the service of the 
canal, and the practicability of its being utilized for that purpose at 
a reasonable cost, are questions which require additional and special 
observations and surveys for their determination. 

It appears, however, from what is known of Lieutenant Hunter’s 
report, that the highest part of Okefenokee Swamp is found at its north¬ 
ern extremity, where it is stated to be 126£ feet above tide-water, and 
that both its eastern and western borders have a gentle and nearly 
uniform declivity toward the southern end. At Ellicott’s Mound, on 
the east, where a branch of the Saint Mary’s River heads into the 
swamp, the height is said to be 111 J feet, and at Suwanee Shoals 110J 
feet above tide-water. In fact, the map, referring especially to that of 
the northern part of Florida, compiled and published by the United 
States Coast-Survey Office, 1864, shows that the swamp is apparently 
fed by numerous creeks and rivers that enter it on its northern and 
northwestern borders, while the natural outflow takes place on its south¬ 
ern, southeastern, and southwestern borders, in the form of many water¬ 
courses, tributary to the Suwannee and the Saint Mary’s Rivers. The 
swamp, in fact, occupies an extensive elevated plateau, from the south¬ 
ern end of which the Florida ridge springs, and thence extends south¬ 
erly, with varying heights, until it disappears in the low swamps of 
the Everglades. 

Lieutenant Hunter states that the area of Okefenokee Swamp is 
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about 625 square miles; that the Snwanee drains an area of the 
swamp and adjacent country equal to 670 square miles; and that the 
Saint Mary’s River at Ellicott’s Mound receives the drainage of 275 
square miles, the whole area of swamp and adjacent country forming 
together the Okefenokee basin, being 945 square miles. In the absence 
of more precise information, this area will be assumed as the water shed 
for supplying the summit-level. 

Mr. Locke states in bis report that the actual swamp covers about 
two-thirds to three-quarters of the entire area of what is called Okefe- 
nokee Swamp; and that the balance consists of numerous prairies, hum* 
mocks, and islands. The soil of the swamp proper is a soft muck, 
entirely saturated with water. In the dry season, about as much water 
as muck is visible. The growth in the swamp is cypress, bay, gum, and 
pine, with frequently an almost impenetrable undergrowth of intertwin¬ 
ing bushes. 

The so-called “ prairies” are extensive level tracts, consisting of soft, 
easily penetrated muck soil about 5 feet deep, covered with perfectly 
clear water of a remarkably uniform depth of abont I foot. These 
prairies have innumerable islands dotted over them, dry in the center, 
and of varying sizes; also, a few circular places called lakes—generally 
about one-fourth of a mile in diameter—in which the water is from 
3 to 4 feet deep. The hummocks, lying betweeu mainland add swamp, 
or between islands and swamp, contain rich, black soil, covered by a 
luxuriant growth of live-oak, hickory, &o., and form good agricultural 
lands. Of the islands, the largest named has an area of about 8 
square miles, with soil the same as that of the surrounding country. 
The only growth upon it is long-leafed pine and saw-palmetto. 

It might be conjectured, from the reports of Lieuteuaut Hunter and 
Mr. Locke, that not far from one-half of what is known as Okefeuokee 
Swamp—or about 300 square miles—is covered with water duriug the 
dry season, but the depth of the water, except on the prairies and lakes, 
which, taken together, comprise but a small fraction of the entire area, 
is nowhere stated. It is not possible, therefore, to estimate, with any 
fair approximation to accuracy, the volume of water which the swamp 
contains. Neither is it possible to estimate the practicability and cost 
of increasing that volume by a dike around its low southern margin, so 
as to stop or diminish the preseut outflow, or of constructing such a 
system of interior trunk and branch ditches as shall effectively collect 
the waters of the entire swamp, and carry them off by one or more 
principal channels or feeders. 

Okefeuokee Swamp cannot, therefore, be considered as a ready-made 
natural reservoir for feeding the upper portions of the canal. It wilr 
require a certain amount—probably a very considerable amount—or 
engineering work to make its hydraulic resources available. This has 
been already pointed out in general terms in the report of the board of 
internal improvement on the contemplated canal between the Atlantic 
and the Gulf of Mexico, dated Washington, February 19,1829, in which 
it is stated that, by a proper system of draiuage, the standing water in 
the marshes of that extensive swamp may, at great expense, be mads 
available. But the method by which this can best be accomplished, wheth¬ 
er by enlarging the reservoir capacity of the swamp with a marginal 
dike, or by interior excavations, or both, or by constructing a reservoir 
elsewhere, if practicable, or by using the summit-level itself for that 
purpose, or by a combination of two or all of these devices, cannot be de¬ 
termined from any of the data furnished by previous surveys, so far as 
they have come under my observation. • 

One of the peculiar features of the river-system of Florida appears 
25 s 
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to be that generally the streams force their way throngh tbe sandy 
upper stratum, and are fed more by lateral filtration than by tributa¬ 
ries. While the upper stratum of the peninsula is generally sandy 
on both sides of the Florida ridge, to a depth of at least 5 or C feet, tbe 
substratum, is not the same on both sides. On the eastern it is clay 
mixed with a great deal of sand ; but on the western side it is through¬ 
out a kind of stratified rotten limestone, preseutiug frequent outcrops 
on the surface, in many places undermined by streams which sink 
abruptly and force their way through the cavernous parts of the mass, 
to resume, at some distance away, their natural course upon the surface. 

The porous, not to say spongy, condition of a very large portion of 
the soil of Florida, together with its comparatively insignificant eleva¬ 
tion above tide-water, and tbe generally flat character of the country, 
particularly between the ridge and the Gulf, prevents the formation of 
tributaries to tbe few existing streams, while it is the cause of number¬ 
less lakes, ponds, and swamps that are generally found wherever a 
depression of the ground favors a collection of water. 

What rivers there are have their volume gradually but steadily 
increased by constant infiltration from the water-soaked soil through 
which they flow. 

From the experiments made by Lieut. John Pickett, and reported by 
him under date of Washington, March 6, 1832, it would appear that 
this element of water-supply by filtration may form an important factor 
in any caual-project for these regions. He sunk wooden shafts appar¬ 
ently 7 feet square in the clear, at several points in the valley of the 
Santa F 6 and Bull Creek, about 45 miles south of. the line upon or 
near which the summit-level of the proposed route would probably be 
located. After being pumped empty, tbeshaftin the SantaFd Valley was 
observed to fill up with water to the height of uearly 16 feet iu 7 hours 
and 37 minutes. In the valley of Bull Creek it rose 6 feet 7 inches iu 
2 hours and 44 minutes; and at Tweuty-five Mile Point, 18 feet6inches 
in 6 hours and 41 minutes. 

Similar but more numerous trials by shaft-sinking should be marie, 
not only on the summit-section of the canal, bat also iu several places 
on the lower levels. The results will furnish important data for an 
estimate of the cost of the project, bearing more particularly upon the 
depth to which the trunk of the canal should be sunk below the natural 
surface of the soil. 

The volume of water which escapes from the swamp by filtering away 
through the earth may be very considerable. It is not susceptible of 
direct measurement. Much of it, of.course, finds its way into the Saint 
Mary’s and Suwannee Rivers, and doubtless forms an important factor 
in their regimen. It is not deemed practicable to collect it for the serv¬ 
ice of the canal, although the summit-level may be expected to intercept 
and utilize a small fraction of it. Most of the tributaries to the Saint 
Mary’s, which head up toward the east side of the swamp, do not appear 
on the map to tap it directly, though probably largely fed from it by 
infiltratiou, and they all join tbe main stream below the probable east¬ 
ern terminus of the summit-level. There are two streams which have 
their source in the swamp, and flow due south into the Saint Mary’s, 
that would be cut by the summit-line. On the west there are several 
streams which flow from the body of the swamp and empty their waters 
into tbe Suwaunee above the point at which the western end of the 
summit-level would be likely to be established. A portion of this oat- 
flow could doubtless be diverted into the reservoir for the service of the 


canal to the greater or less injury of the navigation on the upper reaches 
of the Suwannee, 
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THE GENERAL CHARACTER AND LOCATION OP THE LINE. 


A straight line, measured on the map, from the mouth of Saint Mary’s 
to Saint Mark’s, has a length of about 165 miles. By taking advantage 
of the natural water-courses in proximity to that line, which are either 
navigable or can presumably be made so by slack-water dams for the 
largest class of barges destined to pass the canal, the length will of 
coarse be augmented. 

The total length of Saint Mary’s River, from its mouth to Ellicott’s 
Mound, where the head of one of its branches is found, is about 100 
miles; but no information has yet been’Obtained as to bow far vessels 
drawing 9 feet can ascend the stream in its natural low-river state, or 
to what extent and for what distance it is susceptible, at reasonable 
cost, of being converted into slack-water navigation. In the vicinity of 
Trader’s Hill, which is something less than 50 miles above the mouth, a 
steamer drawiug 17 feet of water is kuown to have been stationed, iu 
the winter of 1864-’65, receiving a cargo of cotton from the interior of 
Florida. The tide is said to be felt as far as Barbour’s, some ten or 
more miles above Trader’s Hill. 

An inspection of the map of Northern Florida shows that for a route 
through the Okefenokee Swamp to Saint Mark’s, the Suwannee River, 
the most important natural water-course and the receptacle of all minor 
creeks and rivers iu that region—such as the Withlacoochee and Ala- 
paha—will probably, if not necessarily, form a part of it. Assuming 
this to be the case, the next point which presents itself is the selection 
of a canal-line that shall most advantageously connect the waters of the 
Suwannee and Saint Mary’s Rivers. 

By the survey of Major Perrault, as reported by General Bernard, 
February 19, 1829, the summit-point of the then contemplated route 
was fixed near the southern end of the Okefenokee swamp, and found 
to be 152 feet above low tide. Its location was 12£ miles west of the 
fork formed by Saint Mary’s River and Alligator Creek. The distance 
from the summit-point to a certain point on Saint Mary’s River near 
Barbour’s, on a gently curved line, forming a part of the then proposed 
route, was found to be 27 miles, while following the windings of the 
river it would have been over 50 miles. From gauging the river in those 
parts, it was concluded that its average discharge per second was en¬ 
tirely inadequate for canaling purposes, and that the whole length of 27 
miles east of the summit-point would have to be fed by a reservoir. 
Again, at about 18 miles west of the summit-point the Suwannee is 
struck, which is stated to discharge at that place 614 cubic feet of water 
per second at ordinary stages. This amount being ample for all the 
purposes under consideration, suggests the location of the western ter¬ 
minus of the connecting canal at that point. In that case its length 
would be about 45 miles. 


The heights and distances above given can only be accepted as ap¬ 
proximately correct. 

This part of the project will require an especially careful study, and 
the running of several trial and level lines, before an estimate of the cost 
of this portion of the work can be formed. 

Following the Suwannee to Columbus, it receives on its course the 
rivers Alapaba and Withlacoochee. At the mouth of the latter the dis¬ 
charge of the Suwannee was stated by General Bernard to be 3,000 
cubic feet per second. From Columbus it may be advisable to follow 
the Suwannee farther down, instead of striking directly for Saint Mark’s, 


whereby the high plateau extending toward Tallahassee would be en- 
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countered. Descending the river, therefore, as for, perhaps, as Charles 
Ferry, a distance of about 50 miles, the route would then turn to the 
westward, crossiug in succession the Feuholloway, Econfenee, and Ocilla 
Fivers; thence running through the low marsh-land near the Gulf to 
the terminal point iu the Saint Mark’s Fiver, about 70 miles from the 
Suwannee. 

The probable nature and character of the project may therefore be 
summed up as follows: It will be a water line for bargesof 9-foot draught 
or less, commencing at the mouth of Saint Mary’s Fiver; thence ascend¬ 
ing that stream as far, perhaps, as it is navigable, or can be made so 
at reasonable cost by slack-water dams and otherwise; thence by canal 
and locks across the southern portion of the Okefenokee Swamp to the 
Suwannee Fiver; thence descending that river by slack-water and open 
river navigation to a point near the vicinity of Charles Ferry, though 
possibly at some distance therefrom, and thence in a direction nearly 
ilue west by caual to the western terminus in deep water on the Saint 
Mark’s Fiver, a little below the town of Saint Mark’s. 

The project will doubtless comprise the excavation of an extensive 
storage reservoir for receiving the drainage of Okefenokee basin, either 
detached from or forming a part of the summit-level, with a more or 
less thorough system of drainage of the swamp, the removal of obstruc¬ 
tions, such as shoals, bars, snags, sharp bends, &c., in the Saint Mary's, 
Suwannee, and perhaps other minor rivers, the excavation of two de¬ 
tached sections or divisions of canal, aggregating over 100 miles in 
length, and the construction of slack-water dams, lift and guard locks, 
&c. 

From what is known of the general route it is presumed that the 
lengths of the several subdivisions of the line will not vary greatly from 


the following: 

MB* 

1. From the month of Saint Mary’s River op that stream. 61 

2. From the Saint Mary’s to the Suwannee River, by canal and looks. 45 

3. Suwannee River to Charles Ferry. 50 

4. Charles Ferry to Saint Mark’s, by canal. 76 

Total from month of Saint Mary’s River to Saint Mark’se.226 


WATER-EXPENDITURE. 

Although, as already stated, the capacity of the Okefenokee basin 
and swamp for supply of water is not known ; the volume that it would 
be required to furnish for a canal of given dimensions, that shall most 
advantageously connect the waters of the Saint Mary’s and Suwannee 
Fivers, may be roughly computed. 

The length of the summit and adjacent sections of the canal that 
wonld have to be fed from a storage-reservoir was estimated by the 
board of internal improvement, in 1829, at about 45 miles, and since 
there are no data whatever ou hand at this time to justify or require the 
adoption of any other summit-line, it will be used as a basis for calcula¬ 
tion. 

It was suggested by that board that inasmuch as no natural reservoir 
of any consequence exists on the top ridge, it would be necessary to con¬ 
struct the summit-level of sufficient capacity to be itself a reservoir to 
be supplied from the Okefenokee Swamp. 

The minimum dimensions assumed for the canal are a width of 80 feet 
at the bottom and 116 feet at the water-surface, giving side-slopes of 1 
upon 2, and a depth of 9 feet A 1,500 ton grain-barge has a width of 
40 feet Twice that number, or 80 feet, gives the minimum width at the 
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bottom. The cubical contents of the canal-prism forming the summit- 
level will be, therefore, 209,563,200 cubic feet, or 7,761,700 cubic yards. 

The loss by evaporation on this length of 45 miles will amount to just 
about one water-prism per year, assuming, according to the results of 
Lieut. M. L. Smith’s studies of the subject in reference to a canal-route 
connecting with the Saint John’s River, Florida, the monthly evapora¬ 
tion in that climate to be 7 J inches, or 7 feet 6 inches per annum, (7£ 
feetx 116 feet x 45 miles=7,655,000 cubic yards.) 

The loss by absorption and infiltration is taken to be about 14 prisms 
per annum. This estimate is based upon observations made on canals 
constructed in soils dififering widely in many respects from that through 
which the summit-level will pass, and is doubtless much too high. It is 
believed that the losses from these causes near the surface will be com¬ 
pensated in great measure by water flowing into the canal from the 
more or less thoroughly saturated subsoil. It will, however, be assumed 
that 14 prisms are annually lost in this manner. 

The loss by leakage at the lock-gates has been generally calculated 
among American engineers to be 12 lockfuls a day per lock, or 24 lock- 
fnlsfor the summit-level with its two locks, equal to 8,760 lockfuls per 
year. The dimensions of a lock are supposed to be 250 feet by 50 feet, 
with a lift of 8 feet. One lockful, therefore, amounts to 3,333 cubic yards, 
and 8,760 lockfuls to 29,197,080 cubic yards. This is equivalent to about 
4.17 water-prisms per annum. 

Lm by lockm §».—A first-class barge will probably, on the average, 
occupy about 30 minutes in passing a lock. Reckoning the actual 
working time at 18 hours a day, 36 boats per day will pass the summit- 
level, when employed to its full capacity, with a single set of locks. 
The maximum consumption of each boat will be two lockfuls, the daily 
loss by lockage will therefore be 36x2=72 lockfuls, or 26,280 lockfuls 
per annum, equal to about 12.53 prisms. Finally, the loss by draiuiug 
off portions of the canal for repairs may be put down at 3 prisms. 

Recapitulating these various losses, a total loss of 34.70 prisms is 
found, viz: 

Prism. 


Lose from evaporation... 1 

Lots from absorption, infiltration, Ac. 14 

Loss from leakage at look-gate. 4.17 

Loss from lockage. 12.53 

Lose from emptying portions of the canal. 3 


Total 


34.70 


This volume of 34.70 prisms, equal to 269,380,978 cubic yards of 
water, mnst be supplied to the canal every year to keep it in navigable 
order; or, in other words, the canal supposed to have been filled ready 
for service will require an additional volume of water, amounting to 231 
cubic feet per second, to make up for losses. 

The volume of water required for the service of the locks may, of 
course, be diminished in several ways, at an increased outlay for con¬ 
struction, either by means of intermediate gates, which will divide the 
locks into two shorter lengths, suitable for vessels of less than the max¬ 
imum length, or by building smaller locks beside the large ones, for the 
use of snch vessels; or by the construction of lateral storage-basins in 
connection with each lock into which the upper portion of the prism of 
lift would be discharged at the passage of each boat, to be returned to 
the lower portion of the prism when filling the lock for the next boat. 

Although the foregoing estimate supposes that the highest reach of 
the canal extends from river to river, and is attained from either stream 
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by a single lock, it will probably be found that the length of the sum¬ 
mit-level will not exceed 35 or 40 miles, and that on the Saint Mary’s 
end five or six locks may be required, and on the other as many as four 
or five, but that in neither case will these locks be required to be in 
flights. 

WATER-SUPPLY PROBABLY AVAILABLE. 

Accepting Lieutenant Hunter’s estimate of the area of Okefenokee 
basin at 945 square miles, (or 26,345,088,000 square feet,) it follows that 
a rain fall of 3.32 inches over the entire area must be utilized for the 
service of the canal. As to the amount of rain-fall at Okefenokee 
basiu, Lieut. M. L. Smith says, in his report, that at Tampa Bay the 
yearly rain-fall is 57 inches; at Fort Meade, 35 inches; at Fort Pearce, 
73 inches; at Jacksonville, 58 inches; giviugan average fall for the 
four places of 56 inches. This agrees with Col. P. H. Kaiford’s state¬ 
ment, in his examination before the Senate select committee, December 
24, 1873, wherein he gave the average rain-fall at Okefeuokee basin 
during each of the four seasons, aud computed the meau annual rain¬ 
fall there at 55 inches. Adopting the latter figure, 55 inches, and har¬ 
ing found 3.32 inches of rain over the whole basin to be needed for 
supplying the summit-level of the canal, we arrive at the conclusion 
that whatever be the mode of storing the water gathered by drainage, 
6.04 per ceutum of the total rain fall must be rendered available for 
canalling purposes, in addition to all losses by evaporation, leakages, 
&c., in the storage-reservoir aud feeder. 

If we assume the water to be collected in such a reservoir, its volume 
will be continually diminished by evaporation in a direct ratio to its 
surface area, and an inverse ratio to its depth; but it will doubtless be 
replenished tx> some extent by inflow from the water-soaked subsoil, so 
that the allowance to be made for reservoir-evaporation cannot l>e esti¬ 
mated with any confidence in the accuracy of the results. 

If it should be found practicable by any system of dikes to use a 
portion of the swamp as the storage-reservoir, the loss by evaporation, 
although large, may be approximately computed. It will go ou over 
the entire water-covered area, with the exception of the small portion 
occupied by hummocks and islands. 

Iu considering the question of using a portion of the swamp as a 
storage-reservoir, it is desirable that its surface-area should be restricted 
as much as possible, in order to reduce the loss from evaporation. 

The annual loss from this cause has been assumed to be 7£ feet, and 
the supply of water needed for the summit-level at 231 cubic feet per 
second. If the area of the reservoir in square miles is designated by 
A, we have the following : 


(1) Loss per second from evaporation on surface of reservoir = 


( 5280* X 7*\ 
31,536,000 1 


XA 


(2) Loss per second to feed summit-level and locks = 23 cubic feet. 


The annual rain fall being takeu at 55 inches, or 4 T ^ feet, the area of 
the reservoir, equal to A square miles, receives the whole height of water 
due to that rain fall. Of the raiu-water that falls on the other portions 
of the Okefenokee basin, it is assumed that but one-fourth of it cau be 
conducted by draiuage to the reservoir; the balance is supposed to be 
lost by evaporation, leakage, and other causes. 
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The available drainage-area is 945—A square miles. 

( 5280* X 4iV\ 

3F53 6 00 U~ 1 X A 

(4) Sopply by draining balance of basin one-fonrth ^5280* X i X 4-j z *\ tnMtf k v 
of rain-fall.^ 31,53(5,000 ) X ( 945 “ A > 

Consequently A =202 square miles. 

Hence the storage-reservoir, if constructed within the Okefenokee 
basin, must not exceed 202 square miles iu area, assuming it to receive 
only one-fourth of the rain fall of the balauce of the basiu. 

The reservoir will be subject to the following losses in addition to the 


loss by leakage: 

Cable fset. 

Annual loss from evaporation. 42,260,657,250 

Annual loss from feeding summit-level. 7,273,286,400 


Total. 49,533,943,650 

On the assumption that the canal passes through the lowest or south¬ 
ern portion of the swamp, a part of the loss by leakage will be inter¬ 
rupted by the summit-level, and to that extent will diminish the amount 
to be supplied through the feeder. 

If the storage-reservoir be required to have a capacity equal to four 
months’ supply, it must hold £ of the last given amount, aud be 3 feet 
deep. 

By increasing the depth of the reservoir its area will be lessened, and 
may reach a minimum* when the summit-level is made to serve as a 
reservoir. Iu the latter case, the caual proper may run through the 
reservoir as a deeper chanuel, so that when the reservoir shall have 
had its water-level lowered by a long-coutmued drought, there will still 
be enough depth of water in the cliaunel proper. 

Whichever way this question will be solved, the necessity of a very, 
considerable amount of excavation cannot be avoided; but some impor¬ 
tant elements that will enter into any calculation are at present so little 
known as to their relative value, that the above calculation, and any 
other made now and bearing on the subject, can be only considered as 
an essay. The soil of at least a large portion of Florida is of such au 
exceptional character that only a series of careful experiments made ou 
the proposed site of summit-level and reservoir can decide the question 
whether filtration should be taken iuto account as a source of supply or 
of loss. Iu regard to this matter, it may be in place to recall the con¬ 
clusions arrived at by the board of internal improvements (General 
Bernard’s report) in discussing a route the summit-level of which was 
to be fed by Kinsley’s aud Sampson’s Ponds, about 45 miles south of 
Ellicott’s Mound. The report says that— 


The two ponds will furnish the necessary water for lockage; but with regard to the 
prism of the level, about twenty-live miles in length, it bas to rely entirely on the re¬ 
sources derived from infiltration through the grouud. Therefore the practicability of 
the canal rests altogether upon this point. 

The following observations, made by the board daring their examination of the 
peninsula of Florida, lead them to anticipate a favorable result: 

Ink The sandy upper stratum and the rotten limestone substratum will facilitate 
the filtration to a high degree. 

2d. The ponds on the summit of the ridge are chiefly kept full by filtration. 

3d. The numberless ponds, of various sizes, scattered everywhere ou the surface of 
the peninsula, form a strong indication of the facility afforded by the ground for the 
transmission through it of water to inferior levels. 

4th. The main streams of the peninsula have few tributaries. They are, however, 
flush daring the warm season, and suddenly swelled by accidental heavy showers. 
This shows that they must, chiefly, receive their supply from filtration. 
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The reduction of the water-surface of the storage-reservoir to the 
least practicable dimensions will have the advantage of reclaiming a 
very large portion of the lands of Okefenokee Swamp and will com¬ 
pensate to some extent for expenses incurred in forming the reservoir. 
These reclaimed lands will be valuable through their proximity to the 
canal, affording ready means for shipping their produce either to Gulf 
or Atlantic ports. These facilities will be still more increased by mak¬ 
ing at least the main drain through the swamp of such dimensions as 
to render it to a certain degree navigable. As a ca*e in point, the rec¬ 
lamation of the fens or overflowed lands bordering the river Ouse and 
its tributaries, in England, may be mentioned, now known as the Bed¬ 
ford level. t These fens covered an area of 400,000 acres, (equal to 625 
square miles, the reputed size of Okefenokee Swamp.) Several unsuc¬ 
cessful attempts to improve the tract were made as early as the fifteenth 
century, and were reuewed in 1634 by the Earl of Bedford, who in three 
years expended £100,000 without favorable results. In 1649 his son re¬ 
commenced operations, and succeeded, after an expenditure of £300,000. 
Among the numerous drainage-channels cut through these lauds are 
two nearly parallel to each other, more than 20 miles in length, and 
both navigable. 

Moreover, by the application of modern machinery, it is to be ex¬ 
pected that the swamps and overflowed prairies of the Okefenokee ba¬ 
sin can be changed into fine and fertile agricultural land at an econom¬ 
ical rate. 

From the report of the United States Commissioner of Agriculture 
for 1874, it appears that in Colusa County, California, the Tule Land 
Reclamation Company gives employment to 400 or 500 men. The com¬ 
pany owns 42,000 acres of overflowed swamp land, aud with the aid of 
a powerful steam-ditcher, it is estimated by the company that it costs 
but $2 an acre to reclaim it. Before the civil war it was estimated by 
the rice-planters of the South, with abundant slave-labor at command, 
that it cost about $150 an acre to reclaim cypress lands, and about $100 
an acre to reclaim marsh lands. 

The work done by the steam-ditcher is of the most thorough kind, 
erecting in its course an embankment 20 feet wide at its base, 4 feet 
wide on top, and 4 feet high. The worthless land reclaimed by this 
work now produces 40 bushels of wheat to the acre, and it at once rose 
in value to $15 per acre. 

The average value of land iu Georgia was, in 1860, $4.85. The high¬ 
est value in the richest county was $10.66 per acre. The lowest value 
was 68 cents per acre. In 1866, immediately upon the close of the civil 
war, the average value of land was $3.42, showiug a diminution from 
the value of 1860 of $1.43 per acre. There has been a slow advance in 
value from 1866 to the present time, the average value nearly, if not 
quite, reaching that of 1860. The lauds of some sections have actually 
increased iu value since that date in mauy instances to $50 per acre, 
while others have decreased from $20 and $30 per acre to from $3 to $5 
per acre. 

Okefenokee Swamp proper is said to contain six hundred and twenty- 
five square miles, or four huudred thousand acres, which are at present 
worthless. If, through improvement by drainage, the land is made worth 
only the average value of land in Georgia, or $4.85 per acre, the aggre¬ 
gate value of the reclaimed swamp lands will be $1,940,000. But it is 
quite probable that, the canal having been made aud the lands fairly 
brought under cultivation, they will be worth considerably more than 
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tbis in tbe market, owing to the facilities for the transportation of their 
crops offered by tbe convenient proximity to the canal. 

It is believed that arrangements might be made with the State of 
Georgia by which nearly if not all of the Okefenokee Swamp would be¬ 
come the property of the United States on condition that the canal be 
constructed. 

Saint Mary’s River flows into the ocean through the outlet of Cumber¬ 
land Sound, where there is now only 11 feet of water on the bar at 
mean low tide, with an ordinary rise and fall of 5.9 feet. The bar-chan¬ 
nel is, however, unusually shallow at the present time, its normal low- 
water depth for a series of years, and until quite recently, having been 
13 feet, and it may perhaps be safely assumed that this depth can 
be established and maintained at a moderate cost, allowing vessels 
drawing 16£ to 17 feet to pass out and in on the flood-tide in calm 
weather. 

The hydranlios of Cumberland Sound, so far as the meager data on 
record have enabled the engineering questions connected therewith to 
be made tbe subject of study, do not seem to be favorable to the perma¬ 
nent improvement of the entrance by means of artificial works, although 
tbe construction of jetties at a cost of $2,000,000 to $2,500,000 would 
for a time—certainly for a few, and possibly for many, yeajrs—afford a 
channel of ample depth for ooean-going vessels of large size. 

It is not necessary, however, to use this outlet for shipping the freight 
delivered by the canal. There are better harbors to the north of Cum¬ 
berland Sound, and connected therewith by a natural inside water-pas¬ 
sage. 

Saint Andrew’s Sound, twenty-three miles distant, and Brunswick 
Harbor, thirty-five miles distant, have good channels of entrance and 
good anchorages inside. The low-water depth on the Saint Andrew’s 
Bar is 16 feet, aud that on the Brunswick /Saint Simon’s) Bar 17 feet, 
with a mean rise and fall at the former of v.l feet, and at the latter of 
6.8 feet 

Brunswick appears to possess superior advantages as a shipping-port 
for the Florida canal, and the inside passage which connects it with 
Saint Mary’s River can probably be improved for 9-foot barges at an 
expense not exceeding $125,000. An examination of a few points of the 
line is necessary before a close estimate of the cost can be made. 

A SHIP-CANAX». 


The feasibility of a ship-canal for large ocean-going vessels that shall 
connect the Saint Mary’s River with the Gulf of Mexico through Oke¬ 
fenokee Swamp is, of course, vastly more problematical thau that of tbe 
barge-canal already discussed. The project mast provide for a suitable 
harbor at each terminus of the line. On the Atlautic, as in the case of 
the barge-liue, this could possibly be accomplished in a satisfactory way 
by the construction of jetties at the entrance of Cumberland Sound, or 
better still, and with certainty, by the enlargement for ships of the 
existing inside passage between Saint Mary’s River and Brunswick, 
making this point the shipping port. 

On thc.Gnlf side the choice would probably have to be made between 
Saint Mark’s and Cedar Keys, as they are the only harbors at all near 
the direct£line possessing sufficient natural depth of water approach to 
encourage auy attempt to enlarge them to the required capacity by the 
construction of artificial works, and I am not prepared to assert that 
either of them is susceptible of snch improvement. On the Saint Mark’s 
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Bar there is a depth of 8 feet, and on the Cedar Keys Bar a depth* of 9 
feet, at mean low-water. If Saint Mark’s should be selected for the Gulf 
terminus, the general location of the route would probably not vary 
greatly from that of the barge-line, while if it should run to Cedar Keys 
the Suwanee River, from the western end of the summit-level division 
to some point near its month, would most likely form a part of it, the 
terminal point being reached by a cut 13 to 15 miles long through the 
low marshes to the southward of that stream. This assumes that the 
bar at the mouth of the Suwanee is not susceptible of improvement I 
am not in possession of any recent iuformatiou concerning it, and no 
chart of it has been issued by the Coast-Survey establishment. Official 
reports show that some years ago it was not cousidered sate* for a vessel 
drawing over 5 feet to attempt its passage, even on the high tide. 

The character and nature of a project for a ship-canal having its Golf 
terminus at Saint Mark’s would therefore comprise— 

1st. The improvement of the entrauce to Saint Mary’s River (Cum¬ 
berland Sound) by artificial works, or the enlargement for ships of the 
inside passage northward from the mouth of that river to Saint An¬ 
drew’s Sound, 23 miles distant, or to Brunswick Harbor, 35 miles dis¬ 
tant, by the chaunel line. 

2d. The improvement of Saint Mary’s River for slack-water naviga¬ 
tion or otherwise up to some suitable point for commencing the ascent 
to the summit point 

3d. The construction of the summit-level and adjacent sections by 
solid cutting, with the required number of locks to counect the waters 
of the Saint Mary’s and the Suwanee Rivers. 

4th. The excavation of a capacious storage reservoir for receiving the 
drainage of Okefeuokee Swamp, including the necessary work for drain¬ 
ing the swamp aud feeding the canal. 

5th. The improvement of the Suwanee River for slack-water naviga¬ 
tion, or otherwise, from the last lock at the western end of the summit- 
level division to some point not far from Charles Ferry. 

6 th. The construction of a ship-canal by solid cnttiug from the Sawa- 
nee River to deep water ip the Saint Mark’s River, near its mouth. 

7th. The improvement of the channel of entrance to Saint Mark’s 
River by artificial works. 

If the line runs to Cedar Keys the work will be the same as above 
noted from Cumberland Sound to the Suwanee River. Beyond that it 
will comprise— 

5th. The improvement of the Suwanee River, from the western end of 
the summit-level division to deep water near its mouth. 

6 th. The construction of a canal through the marsh south of the 
Suwanee River, near its mouth, to deep water at Cedar Keys. 

7tb. The improvement of the channel of entrauce to Cedar Keys by 
artificial works. 


COMMERCIAL ADVANTAGES OF THE BARGE-ROUTE. 


With respect to the nature and probable amount of commerce and 
navigation interested in the construction of the route under considera¬ 
tion, and the extent to which the public interests will be benefited by 
the improvement when completed, a few remarks are offered. 

Conclusions upon a subject so important as this should be drawn only 
after a study of a.I available sources of information, including agricul¬ 
tural, iudustrial, and commercial statistics, whether furnished by Gov¬ 
ernment departments, corporations, or individuals, comprising an aggro- 
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gate mass of materials of various kinds, trustworthy and otherwise, of 
such vast proportions that its mere collection, to say nothing of its 
thorough examination, would require more time than I have been able 
to spare from my other dnties. 

The discussion ot this branch of the subject is therefore entered npon 
with reluctance, under a lively sense of the incompleteness of the data 
at command. 

As to the probable effects on commerce and navigation of the pro¬ 
posed barge-route, it is presumed that it is not to be considered as a 
separate or isolated work of improvement, but as forming a part of a 
great and continuous water-route from the Upper Mississippi and its 
tributaries to the Atlantic seaboard. Thus connected, it would repre¬ 
sent the eastern terminal branch of that line, forming the transit route 
iroin the Gulf to the ocean. 

The leading object to be secured through this line is the cheap and 
safe transportation, in uubrokeu bulk, of the surplus produce of a very 
large portion of the Western and Northwestern States, by means of the 
Mississippi River and a secure land-locked water-route, to a convenient 
harbor on the Atlautic coast, for'export to foreign countries or for con¬ 
sumption in the Atlantic States. 

The necessity for larger facilities for such transportation is becoming 
more serious and imperative every year, in proportion as the population 
of the agricultural States and the area of laud brought under cultiva¬ 
tion increase. 

The census reports show that certain of the States, comprising Ohio, 
Michigan, Indiana, llliuois, Wisconsin, Minnesota, Iowa, Missouri, 
Kausas, and Nebraska, have increased iu a much more rapid ratio than, 
the balance of the United States, both as to population and aggregate 
amouut of agricultural products. Table I, hereunto appended, showa 
that from 1850 to 1860 their population increased 68 per centum, that of 
the other States 25.7 per centum, while from 1860 to 1870 they showed 
au increase of 42.6 per centum, the other States only 14.5 per centum. 
Similar facts are exhibited in the same table, in the column of “Iucrease 
or decrease,” in the production of cereals generally as well as of wheat 
and corn. It will be observed that in 1874 a general decrease in the 
production of grain occurred, while that of wheat was considerably in¬ 
creased ; in fact, the wheat-crop of 1874 was considered the largest thus 
far obtained. 

By referring to appended Table II, it is seen fhat in 1874 the total 
wheat production of the United States was 308,093,700 bushels, of which 
193,928,000 bushels were grown in the above-named ten Western States. 
This increase iu wheat production has been entirely due to the increase 
of cultivated area, as stated in the report of the Department of Agri¬ 
culture. 

Wheat being the most valuable of all cereals, it appears natural that 
the area of its production should exteud more rapidly than that of other 
grains, since it is able to bear higher rates of freight 

Bow largely the acreage devoted to the cultivation of wheat and the 
demand of this cereal for export have increased is plaiuly seen from 
the reports of the Department of Agriculture. Iu 1872, the number of 
acres planted with wheat in the teu graiu States was 13,811,008, pro¬ 
ducing 156,228,000 bushels, (see Table II,) of which about 74,000,000 
bushels were shipped to other points of the United States or to foreign 
countries. 

In 1874, these ten States had 15,746,124 acres planted with wheat, 
producing 198,928,000 bushels. The population of these States is esti- 
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mated at 14,500,000, and, allowing a consumption of 5 bushels per head 
per annum and 14 bushels for seed per acre, we have available for ship¬ 
ping 102,808,000 bushels. 

Flour and grain movements have been enormously increased since 
1872, according to the same report. The foreign shipments from ports of 
the United States of all kinds of grain (wheat, corn, rye, oats, and bar¬ 
ley) have been as follows during the years 1870 to 1874, inclusive: 

Bushels. Value. 

Daring fiscal year ending Jane 30,1870 . 55,827,508 |72,485,775 

Dnring fiscal year ending June 30, 1871 . 62,937,759 79,519,387 

During fiscal year ending June 30, 1872 ... 79,632,238 85,155,523 

Daring fiscal year ending Jnne 30, 1873 . 92,315,152 99,090,831 

During fiscal year ending June 30,1874 . 128,642,760 161,755,743 

The exports of all kinds of grain of each year as compared with the 
previous year increased as follows, both as to quantity and value: 

1871 over 1870: increase of grain exports in quantity, 13 per cent.; in value, 13 per cent 

1872 over 1871: increase of grain exports in quantity, 26 per cent.; in vain*-, 6£ per cent 

1873 over 1872: increase of grain exports in quantity, 16 per cent.; in value, 16 percent. 

1874 over 1873: increase of grain exports in quantity, 40 per cent.; in value, 63 percent. 

The exports of all kinds of grain in proportion to the aggregate 
amounts raised in the United States have likewise increased; that of 
wheat remarkably so, as already mentioned, and, as seen from the fol¬ 
lowing table: 

Exports expressed in percentages of the aggregate production of the United States. 


Tear. 

All grains. 

Wheat. 

Corn. 

Oats. 

Barley. 

Rye. 

■ 

Per cent. 

Percent 

Emu 

Percent 

Per cent 

Percent 

P !rnjW 

3.1 

80.7 


0.04 

0.9 

0.70 


3.8 

82.3 


0.06 

1.3 

a ss 


5.3 

16.0 


0.10 

0.3 

5.17 

1 mfft ‘ 

5.5 

20.fi 


0.26 

1.8 

3.7 

Hiillli 

8.4 

32.5 

mm 

a 30 

1.0 

10.3 


This table shows clearly the growing dimensions of the foreign 
grain-trade. We may conclude that if this commerce has been able 
to increase at such a rate with the present insufficient facilities for the 
eastward movement of grain, there is a fair prospect of a still more 
important development after the oost of transportation to sea-ports shall 
have been by suitable means permanently fixed at sensibly lower rates. 

In the report of the Senate Committee on Transportation-Routes to 
the Seaboanl, of April 24,1874, it is stated that in 1872 the aggregate 
amount of wheat, corn, rye, oats, and barley raised in the ten grain 
States was 1,028,987,000 bushels, which was disposed of as follows: 


Consumed in the States in which produced. 815,955,574 

Consumed in the Atlantic States. 104,877,122 

Consumed in the Gnlf States..... 33,783,526 

Consumed in foreign countries... 74,360,778 

- 213,021,496 


Production of the ten grain States... 1,028,977,090 


The population of the grain States in 1872 has been estimated (Table 
II) at 13,740,000; the home consumption in these States having been 
found to be 815,955,574 bushels, the consnmption per capita of all sorts 
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of cereals was nearly 60 bushels. This large quantity per head includes 
not only the amount used for human food, but also for all other pur¬ 
poses; and a large portion of it is therefore exported to other States or 
foreign countries, in the shape of spirits, live-stock, provisions, &c. 
There can be little doubt that the immeuse pork-trade of the West 
stands in an intimate relatiou to the matter of cheap transportation. 
The high rates of freight and inadequate means of transportation for 
the surplus produce of the West practically shut off a large portion of 
it from the market, and compel the producer to change it into more 
compact or concentrated, although less profitable, forms, in order to 
prevent such surplus of grain becoming a dead loss on his hands. 

Lowering the rate of freight is equivalent to a reduction of the dis¬ 
tance of the great centers of agriculture from the centers of commerce 
on the Atlantic coast. As an example of the influence of distance on 
the value of farm-products, the following table, compiled from the 
United States Census Report for 1870, is given. The number of bushels 
given is the aggregate sum of the principal cereals raised—that is, 
spring and winter wheat, Indian corn, oats, rye, barley, and buck¬ 
wheat. 

The fourth column gives the total value of all farm-products, includ¬ 
ing live-stock, and the fifth the value of the cereals. 

Table showing the influence of distance on the value of farm-products. 


Name of State. 

1 

s 

© 

1 

=3f t 

2-9 «• 

S |5 

tpi 

Ijli 

H 

^5 

© 

0 

> 

New York. 

5,386, 591 

4,484,748 
6,936,038 
5,417,597 
3,674,763 
819,314 

89,930,150 
117,493.934 
207,936, 491 
97,793.338 
1*21,951,917 
33,736,086 

$*253,536,153 
183,946,000 
910.860,585 
103,035,759 
114,386,441 
97,630,651 

$78,643,441 
68,898,923 
61,103,486 
18,750,4 6 
31,399, 308 
4,457,466 

Pennsylvania.......... 

Illinois. 

Missouri_____ 

loirs. 

Kansas..................___ 



The foregoing table shows that the State of New York had but 76.3 
per centum of live-stock^ and only 43.3 per ceutum of bushels of grain, 
as compared with Illinois; yet the total value of its products exceeded 
that of Illinois by $42,665,568. Missouri had 131,076 head of live¬ 
stock and 7,863,188 bushels of grain more than New York; yet the 
total value of its products amounted only to 40.5 per centum of those 
of the latter State. Similar comparisons can be deduced from the table 
indicating the diminution of value by increased distance from market. 

In volume III, Ninth Census Report, (1870,) the remark occurs: 

It is sufficient barely to allnde to anch notorious facta aa corn celling in New Eng¬ 
land at ninety oenta and being burned for fuel iu Iowa; wheat selling at $1.35 in New 
York and for forty-five cents in Minnesota; beef bringing $7 a hundred on the hoof in 
the East, while cattle are being slaughtered for their hides in Texas. 

It may be said that the exceptional state of affairs under which cat¬ 
tle are killed for their hides no longer exists in Texas, or is practiced 
only by a class of thieves known as u cattle-peelers. 9 ’ 

The only existing through water-route from the Northwest to the 
seaboard is by way of the lakes, with Chicago as the chief receiving 
depot in the West. Most of the grain received at Chicago comes by 
rail from the interior of Illinois and Iowa. The lake route at its eastern 


Digitized by 


Google 














398 


REPORT OP THE CHIEF OP ENGINEERS. 


terminus branches off into the Canada route, by way of the Welland 
and Saint Lawrence Canals, with Montreal as the shipping-point, and 
into the New York route by way of the Erie Canal and Hudson River, 
with New York as the terminal point on the Atlantic coast. 

While the great lakes offer unbounded facilities for shipping purposes, 
both lines of canal have been found to be insufficient to meet the require¬ 
ments of the fast-growing West. Although several through freight-rail- 
way lines have lent their aid to moving the crops, yet, while they are 
most dangerous competitors to the canals in their present condition, 
their rates are necessarily too high for shipments from the most remote 
grain districts. 

The evidence elicited before the Senate committee shows that facilities 
of transportation cannot be multiplied fast enough to relieve the wants 
of the Western States, and to ameliorate the ruinous condition of things 
where, as in the far West, it takes the whole production of three acres 
to transport that of one acre to market. 

In addition to the deficient capacity of the above-named canals, their 
actual working-time is limited to about two hundred and ten days in the 
year, being ice-locked during the remainder of the time. Millions of 
bushels are thus kept shut up in the elevators of Chicago and Buffalo 
waiting for the re-opening of navigation, while other millions must be 
carried eastward by rail, upon which the rates are always raised when 
the competition of the canals ceases. The inconvenieuce caused by frost 
is illustrated by the fact that, in 1872, 10,000,000 bushels of grain were 
caught on the Erie Canal by one night’s freezing. 

The lack of cheap connection of the grain-districts west of Lake Michi 
gan with Chicago has led to the so far but partial construction of water- 
routes connecting the Upper Mississippi with said lake. These lines are 
known as the Fox and Wisconsin River improvement, and the Rock 
Island and Hennepin Canal. Both will afford beneficial competition with 
parallel railway lines, lower the rates, aud, in connection with the lake- 
route, will complete the great northern water-route from the Upper Mis¬ 
sissippi to the Atlantic coast 

The pressing necessity for creating additional means of transportation 
has led to the consideration of other lines. These are— 

The grand central route, from the mouth of the Ohio River to Hamp¬ 
ton Roads, a length of about 1,400 miles by way of the James River and 
Kanawha Canal, at an estimated cost for the passage of boats of 345 
tons of from $50,000,000 to $00,000,000. The advantages claimed for 
this line are that it will open a cheap channel of transportation to the 
Atlantic for the cereals of the West, and develop vast resources of coal 
and iron, now almost worthless, in Virginia and West Virginia. 

The great southern or Atlantic and great western route, connecting 
the Tennessee River by caualing with the Coosa, Ocmulgee, and Alta- 
maha Rivers, and thence to Bruuswick or Savannah, as tne terminus 
on the Atlantic coast. The western terminal point on the Mississippi of 
this route, as well as of the preceding one, will be Saint Louis. Its cost 
is estimated at $35,700,000, its length from Saint Louis to Savannah by 
way of Cairo 1,574 miles, and its probable workingcapacity.at 154,000,000 
bushels per annum, assuming boat-cargoes of 300 tons. It is claimed 
that this line will be absolutely free of ice. 

The Mississippi and Florida peninsular route, comprising the Missis¬ 
sippi River from Saint Louis to New Orleans, thence by an interior line 
along the Gulf coast to Saiut Mark’s, and thence across the peninsula of 
Florida by canal, slack-water, and open river navigation to Saint Maiy’s, 
on the Atlantic Ocean, 
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In considering this route the roost important question seems to be the 
probable cost of moving grain from Saint Louis to its terminus on the 
Atlantic seaboard. From the report of the Senate committee we find 
that the average freight-chargfe from Chicago to New York, and from 
Saint Louis to New York, were found to be as follows in the year 
1372: T 


FIRST STATEMENT. 


Cents. 


Average freight-charges from Chicago to New York by hake and canal, rate per 


bnsbel......... 26.6 

Average freight-charges from Saint Lonis to New York : 

Same Lonis to New Orleans, (average for the year). 13.9 

Mew Orleans to New York, (average for the year). 13.7 

- 27.6 


Loss by lakes and canal 


1.0 


Adding transfer-charges and marine insurance, we obtain the total 
cost of transportation in each case, as follows: 

Cents. 


Total cost of transportation from Chicago to Now York. 31.4 

Total cost of transportation from Saint Louis to New York. 34.0 

Loss by lakes and canal route.7. •. 2.6 


SECOND STATEMENT. 


This statement relates to the transportation of grain from Chicago to 
Liverpool, and from Saint Louis to Liverpool. 

Cents. 


Average freight-charges from Chicago to Liverpool via New York. 45.8 

Average freight-charges from Saint Louis to Liverpool via New Orleans. 40.9 

Loss from Saint Lonis to Liverpool. 4.9 


Adding the transfer-charges and marine insurance we obtain the total 
cost of transportation, as follows: 

* Cents. 

Total cost of transportation from Chicago to Liverpool via Now York. 53.7 

Total cost of transportation from Saint Lonis to Liverpool via New Orleans_ 47.3 

Loss from Saint Lonis to Liverpool... 6.4 


These were the average charges in 1872, and they, of course, refer to 
the Mississippi River in its nnimproved condition; but, as the project 
now under consideration necessarily includes the improvement of that 
river to a roiuimnm depth of from 8 to 10 feet, at all stages, below Saint 
Louis, we may assnme that the rate of freight from Saint Lonis to New 
Orleans will be then only 7£ cents a bushel, with a fair margin for profit 
on the part of the barge-owners, as shown by the evidence of the super¬ 
intendent of the Mississippi Transportation Company, aud the Senate 
committee came to the conclusion that the charges might be reduced 
below 7J cents (y^g mill per mile) and yet leave a liberal return for the 
capital invested. 

The length of the coast route from New Orleans to Saint Mark’s is 
394 miles, more or less. From Saint Mark’s to Saint Mary’s the distance 
by the previously-assnmed route is 226 miles; or, equating for 20 locks 
at 1£ miles per lock, 256 miles, making the total from New Orleans to 
Saint Mary : s 650 miles. The Mississippi route^from Saint Louis to New 
Orleans is 1,250 miles. The total length of the route from Saint Louis 
to Saint Mary’s (all barge or steamboat route of 1,500 tons cargo capacity) 
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would therefore be 1,900 miles. Supposing that goods can be trans¬ 
ported from New Orleans to Saint Mark’s at about the same rate as on 
the Mississippi, which does not seem unreasonable, considering the 
small amount of lockage to be overcome on the Okefenokee level, the 
actual freight from Saint Louis to Saint Mary’s would amount to 11.4 
cents; or, allowing 1.6 cents for lockage, 13 cents per bushel. 

On the route from Chicago to New York the charges tor transfer and 
iusurauce were, in 1872, equal to 4.8 cents. If we put the charge for 
this item at 5 cents, the total cost of transportation from Saint Louis 
to Saint Mary’s will be 18 cents a bushel. 

If we add to this the cost of the article at Saint Louis we shall obtain 
the market price at Saint Mary’s, and there seems to be no reasonable 
doubt that it will be considerably lower than the average price in the 
South Atlautic States. 

The average value of a bushel of wheat in 1874 was estimated at 
$1.85 in South Carolina and $1.53 iu Georgia, while in Missouri, in the 
same year, it was 83 ceuts. 

It is even within the range of possibility that grain could be shipped 
profitably from Saint Mary’s to New York, when it is considered that 
at 5 cents a bushel it will pay to carry grain from Chicago to Buffalo 
by lake-vessels—a distance considerably greater than that from Saiut 
Mark’s to New York. 

Iu the evidence taken before the Senate committee, Mr. Henry C. 
Haarstick, vice-president of the Mississippi Valley Transportation Coin- 
pauy, said: “ I think if we bad 22 feet or 24 feet of water at the mouth 
of the Mississippi River we could send wheat to New York, aud com¬ 
pete with other routes.” Now, by prolonging the Mississippi, as it 
were, by means of the Florida route, and fiuding a good harbor on the 
Atlautic coast, this condition is not only fulfilled, but the delays aud 
dangers of the Florida chaunel are avoided, with a saving in time, in¬ 
surance, wear and tear of vessels and machinery, wages of crew, &c., 
which will probably more than compensate for the additional length of 
the barge route. 

Considering either Saint Mary’s or Brunswick, Georgia, as places for 
exporting grain to Liverpool, their distances from the latter place are 
(by actual calculation) 4,097 and 4,076 statute miles, respectively, while 
the distance between New York aud Liverpool is 3,320 statute miles—a 
difference of 777 miles in favor of New York as against Saiut Alary’s. 
The average price of freight from New York to Liverpool, in 1872, was 
19.2 cents per bushel; at that rate, from Saint Mary’s to Liverpool it 
would be 23.7 cents. The transfer-charges, marine-insurance, &&, 
amounted in New York to 3.1 cents. For Saiut Mary’s, allowing some¬ 
what larger insurance on account of the longer trip, these charges may 
be put down at 4 cents a bushel, We can make, therefore, the follow¬ 


ing comparative statement: 

CflBfe 

Transportation Chicago to New York. 31.4 

Trau8fcr-charges and iusurauce in New York. 3.1 

Freight to Liverpool. 19.2 

Transportation Saint Louis to Saint Mary’s... 18.0 

Transfer-charges and insurance at Saint Mary’s. 4.0 

Freight to Liverpool...... .. 23.7 

-45.7 


Difference in favor of Saint Mary’s...8 

In the foregoing comparison the freight-rates of the year 1872 have 
been used. Since then the through-charges ou the northern route have 
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been lower—considerably so within the last two years—under the influ¬ 
ence of a general depression in all branches of business that cannot 
continue for any leugth of time. 

There seems little room to doubt that breadstuff's can be carried to 
Liverpool, and possibly to New York, at lower rates by way of the 
Mississippi, even in its unimproved condition, than by the northern 
lakes and New York canals, and one reason why a larger quantity of 
grain has not, of late years, sought the cheaper route is that the civil 
war crippled and paralyzed the South, and capital, unable to find safe 
employment at New Orleans, sought the ports of the North, where new 
channels were opened and old channels eularged and improved. An- 
other, and perhaps the njost potent, cause why capital is not more readily 
invested in commercial enterprises by the New Orleans route is the ele¬ 
ment of uncertainty caused by the obstructions at the mouth of the Mis¬ 
sissippi, by which vessels are frequently detaiued for hours, days, and 
even mouths. These uncertainties sufficiently account for the fact that 
western produce shuns so dangerous and difficult a passage, and that 
capital seeks more reliable channels. 

With the Florida canal finished, and, say, Brunswick selected as the 
eastern teiminus, there will be a harbor with a reliable depth over the 
bar of 17 feet at mean low-water and nearly 24 feet at mean high-water, 
enabling vessels drawing 22 to 23 feet to cross in safety. 

It is known that this bar lias preserved its depth uniformly for a great 
nnmber of years, and that the ship-channel over it has not materially 
cbauged iu position or direction, showing it to be iu a normal condition 
of equilibrium. 

The inner anchorage is of great capacity, is quickly reached, and 
entirely protected from storms. It may also be stated that this is sus¬ 
ceptible of complete defense by fortifications and their accessories. 

In the important matter of cost of construction, although not neces¬ 
sarily embraced in this preliminary report, it seems proper to state that 
the Florida barge canal undoubtedly possesses a great advantage over 
even the cheapest of the other routes named. With a freight-carrying 
capacity twice as great as that of the contemplated route between the 
Tennessee and the Altamaha Rivers, its construction, including those of 
the inside terminal connections west to the Mississippi River and north 
to Brunswick, would, it is believed, cost very considerably less. In 
addition to this, its total lockage up and down will not exceed 256 feet, 
while that of the Tennessee and Altamaha line is stated by Major Mc¬ 
Farland to be 1,969 feet, indicating very important differences in favor 
of the Florida route, in respect not only to the original outlay for con¬ 
struction, but also to the current expense of administration, mainte¬ 
nance, and repairs, as well as the delays and charges for lockage. 

With single locks, and allowing 30 minutes for lockage, the canal 
will have a yearly freight-carryiug capacity each way of more than 
13,000,000 tous, which may, of course, be doubled by doubling the locks. 

As there will not be more than 25 locks, at the outside, and perhaps not 
more than 20, the cost of duplicating them will be comparatively small. 

It may be stated that the advantages which a Florida barge-line of 
the capacity above indicated would possess over one of smaller dimen¬ 
sions need not necessarily be taken for granted. 

The possibilities of this route become still more promising if we 
regard as accomplished the entire improvement of the Mississippi River, 
beyond Saint Anthony’s Falls in Minnesota, when wheat and corn can 
be transported from Minnesota, Iowa, Wisconsin, Illinois, Indiana, Mis¬ 
souri, and other States above Cairo, to New Orleans, for an average of 
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12 cents per bushel, ami from Saint Paul for 17 cents. Adding cents 
to the latter figure tor transportation from New Orleans to Saint Mary’s, 
and it will be seen that at a cost of 22£ cents per bushel for freight and 
other charges, grain may be sent from Saint Paul to Saint Mary’s, and 
by further adding 27.7 for shipping to Liverpool, the aggregate cost of 
transporting grain from Saint Paul to Liverpool via Saint Mary’s will 
average 50.2 cents per bushel, while in 1872 the cost from Saint Paul to 
Liverpool, including transfer and terminal charges at Chicago, Buffalo, 
and New York, aveiaged 67.5 cents per bushel, a difference of 17.il ceuts 
per bushel in favor of the Mississippi and Florida route. 

The beneficial effects of bringing cheap breadstuffs t<^the doors of the 
cotton States are set forth in the following remarks contained iu the 
report of the Senate committee: 

The development of southern markets for the grain of the Northwest is believed to 
be a subject of very gnat commercial importance. The States of South Carolina, 
Georgia. Alabama, Tennessee, Mississippi, Aikacsss, Louisiana, and Texas constitute, 
beyond doubt, the largest and most valuable cotton-growiDg area ou the surface of 
the globe. The soil ami climate of a large part of these States are, however, unfavor¬ 
able to the profitable culture of cereals. The States of Ohio, Indiana, Illinois, Michi¬ 
gan, Wisconsin, Minnesota, Iowa, Nebraska, Missouri, aud Kansas, on the other hand, 
embrace the most extensive, and by far the richest, grain-producing area in the world. 
Owing to the coBt of transport of the cereals of the West to the 8ouih-Atlautic and 
Gulf States, the demand for breadstuffs causes tbousauds of acres of land to be 
diverted to the unprofitable culture of wheat and corn where cotton might he more 
profitably cultivated if cheap breadstuffs could be procured elsewhere. With cheap 
and direct transportation provided between the grain States and the cotton States, the 
interests both of the producers of cotton aud of grain would be subserved. 


The Mississippi and Florida route gains still more importance when 
it is observed that already the extreme Northwestern States and Terri¬ 
tories east of the Rocky Mountains, such as Dakota, Montana, Wyo¬ 
ming, and Colorado, are beginning to develop their resources as wheat¬ 
growing countries. For those remote regions the pressing necessity of 
providing a cheap outlet for their surplus produce .is obvious. An 
inspection of the map shows that the system of rivers by which these 
States and Territories are drained indicates that the most natural out¬ 
let will be by way of the Missouri and Mississippi Rivers, with Saint 
Louis as the chief receiving and distributing depot. 

By the Mississippi and Florida route the most distant northwestern 
portions of the Union east of the Rocky Mountains will be brought into 
the cheapest possible commercial communication with the extreme 
Southeastern States, thus affording the most desirable facilities for 
interchanging the produce peculiar to their respective sections, aud 
mutually promoting the material interests of both. 

By means of this route the entire Mississippi basin, through its great 
tributaries, the Missouri, Platte, llliuois, Ohio, Arkansas, and Red 
Rivers, and their navigable feeders, will be enabled to send in river 
steamers aud barges its surplus produce of every description to the 
Atlantic coast in unbroken bulk. The cargoes would be carried iu some 
cases upward of 3,500 miles. Nor will this immense basin represeutall 
the area that will furnish trade to this line, since large portions of 
Alabama, Mississippi, and Georgia, with their independent systems of 
rivers, when sufficiently improved, will likewise assist in increasing the 
tonnage of the loute. Indeed, the demand upon this liue promises to 
be so great under that invariable law of trade by which au article for 
sale always seeks the cheapest method of reaching a good market, that 
it would be necessary to exact only the most moderate tonnage-dues to 
render its construction, administration, and maintenance a very light 
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burden for the General Government to carry, while a larger portion of 
the people of the couutry would be reached by its benetits than by any 
of the other routes that have been discussed. 

Some apprehensions were formerly entertained in regard to the 
injurious effects of the southern climate upon the cereals sent fran the 
North w^t into the Gulf States. 

This matter may be considered as having been disposed of by the 
investigations of the Senate committee* which led them to express the 
opinion that “little, if any, greater difficulty need be apprehended by 
this (the Mississippi) route than by any other. This opinion is borne 
out by the fact that wheat shipped from San Francisco to Liverpool, 
passing the equator twice, and doubling Cape Horn, is said to have 
always arrived there in first class condition.” 

No discussion of the special advantages which the ship-canal might 
be supposed to possess over the barge-line will be attempted. 


THE DANGERS OF THE FLORIDA PASS. 


Another source of tonnage on the Florida line will be the coastwise 
trade of the United States, which will undoubtedly take advantage of 
this convenient mode of making the transit from the Atlantic Oceau to 
the Gulf, or rice versa . A numerous class of light-draught coasters, 
whether propelled by wind or steam, plying along the coasts of the Gulf 
or of the Atlantic, cannot venture the risks of a passage around the 
Florida capes, so that the long tongue of laud called Florida actually 
acts as a barrier to the full development of the coastwise trade. While 
it is true that numbers of coasters that might be accommodated by the 
canal will hazard the passage of the Florida straits, it is no less true 
that so many are the shipwrecks on the southern and Southeastern 
coast of that State that its inhabitants consider wrecking as ofle of 
their regular, as it is one of their most thriving, industries. Accord¬ 
ing to the Official Guide of Florida for 1873, there were, during that 
year, 700 salvage cases decided by the salvage court of Key West, 
which is the principal rendezvous of the wreckers along the Florida 
reefs east of that poiut. The Official Statistical Kegister of Alabama 
for 1871 say 8: 

Rather than risk the dangers of the Florida Fass, shippers in Mobile now prefer ICO 
miles of rail from Cedar Keys to Fernandina, in Florida, with a delay of several days, 
and all the expenses, losses, and inconveniences involved in two transshipments, one 
from ship to rail, the other from rail to ship. 

Lieut. M. F. Maury, in his report cn the Florida- Pass, expresses the 
opiulou that— 


Rather than inenr the risk* of that dargeron3 navigation, fonr times the equivalent 
of railway transportation, with the delays and expenses of two transshipments, were 
preferred across the peninsnla. 


It is a well-known fact that much of the cotton which formerly and 
necessarily sought shipment at Mobile now goes to Savannah, Ga., by 
rail from Montgomery, Selma, and other local centers of thecotton trade. 

From the most trustworthy information available on this subject, it 
appears that the extra insurance on vessels passing through the Florida 
straits amounts to nearly $3,000,000 annually, and the annual losses to 
more than $2,000,000. Some authorities place it as high as $2,500,000. 

In order to find how much tonuage might accrue to a Florida canal 
through the present coastwise trade, it was thought desirable to ascer¬ 
tain the number of vessels, and their tonnage, pntering'and clearing 
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Gulf ports during the year, and passing through the Florida channel; 
but the inquiries made for that purpose at the customs districts of the 
Gulf, and at the Government Bureau of Statistics, have been responded 
to very incompletely, and the information received entirely fails to fur¬ 
nish data for determining the aggregate amount of tonnage and value 
of the coastwise trade that way. There seems to be a defect in legisla¬ 
tion with respect to the coastwise movement of vessels of the United 
States, which prevents the collection of full statistics on the subject, to 
which attention has been repeatedly drawn in the reports of the Chief 
of the Bureau of Statistics. It has been deemed best not to introduce 
the incomplete information that has been supplied in this connection. 

A SURVEY TO DETERMINE THE FEASIBILITY, ETC., OF THE PROJECT. 

An examination sufficiently in detail to determine the feasibility of the 
project, with a general estimate of its cost, should embrace the following 
points: 

A survey of Okefenokee basin to determine its water-capacity, and the 
best method of draining it; the selection of the approximate location of 
the summit-level and feeder, and the positions of the locks; repeated 
barometric observations along the summit-line to ascertain its approxi¬ 
mate altitude ; the gaugingof streams that may form a part of the route, 
and the character, magnitude, location, and number of obstructions 
therein; the gauging of tributaries to those streams; the determination 
of the number, location, aud extent, and the general hydraulic capacity 
of swamps and ponds that may be traversed by the line; the determina¬ 
tion of the best general location of the western branch between the 
Suwannee River and Saint Mark’s, and the collection of all information 
having any bearing upon the subject that can be obtained from river 
and branch pilots, and the inhabitants of the country. 

Estimated cost of examination.$7,500 

A SURVEY FOR A DETAILED PROJECT AND ESTIMATE. 

If it were desired to complete the whole survey in four working 
tnonths it is thought that eight workiug parties of six to eight men 
-each, costing from $500 to $600 per month for each party, could accom¬ 
plish it in that time. 

These parties might be placed as follows: 


On the Saint Mary’s River. 1 party. 

On the summit-level and Okefenokee Swamp. 3 parties. 

On the Suwannee River. 1 party. 

Between the Suwannee River and Saint Mark’s. 3 parties. 


The total pay of the eight parties would be equal to the pay of one 
party for thirty-two months. The total cost of such a survey would 
be, therefore, including the purchase of instruments, stationery, camp 
equipage, &c.: 


32 months’ pay of one party at $500 or $600 per month. $16,000 to $19,300 

Instruments, and field and office stationery. 3,300 

Camp eouipage. 1,000 

Boat and wagon hire. 3,000 

Boring or shaft-sinking. 2,030 

Traveling expenses. 1,600 

Office work. 2,500 

Ten per cent, contingencies..... 2,930 to 3,250 


Total.. $32,230 to$35,750 
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If the preliminary examination to determine the feasibility of the 
route he made first* m already indicated, the foregoing estimate of the 
cost of a detailed survey may he reduced *3,000 or $4,000* 

Very respectfully* your obedient servant, 

Q* A* Gillvork, 

Lieut Cot of Engineer*, Bvt. Maj. Gent, it *S. /I, 
Brig. Gen. A. A- HUMPHREYS, 

Chirf of Engineers U> S. A, 
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APPENDIX I. 


ANNUAL REPORT OP CAPTAIN A. N. DAMRELL, CORPS 
OF ENGINEERS, FOR TOE FISCAL YEAR ENDING JUNE 
30, 1877. 

United States Engineer Office, 
Mobile , Ala. } July 17, 1877. 

General: I have the honor of transmitting herewith annual reports, 
with financial statements, for the year 1876-’77, for the river and harbor 
improvements under my charge. 

Very respectfully, your obedient servant, 

A. N. Damrell, 
Captain of Engineers. 

Brig. Gen. A. A. Humphreys, 

Chief of Engineers , TJ. 8. A. 


I i. 

v IMPROVING HARBOR AT MOBILE, ALABAMA. 

Daring the last fiscal year, the opening of a channel 200 feet wide, 
13 feet deep at mean low-water, had beeu accomplished, and, in order 
to complete this improvement in accordance with approved plans and 
instructions, the only work remaining to be executed at the beginning 
of this fiscal year was the completion of the widening of the channel 
through Choctaw Pass to a width of 300 feet. 

This work was carried on under an unexpired contract with S. N. Kim¬ 
ball, and an unexpended balance of an appropriation of $26,000, made 
by act of Congress approved March 3,1875. 

In September, 1876, the widening of this channel from 200 to 300 feet 
being accomplished, work was suspended, and during the remainder of 
the year operations were confined to the care and preservation of the 
property pertaining to this improvement. 

The amount of material excavated during this fiscal year is as fol¬ 
lows: 

Cubic yard*. 


July, 1870, Cboefcaw Pass. 20,092 

August, 1876, Choctaw Pass.•. 20,824 

September, 1876, Choctaw Pass. 5,217 


Tot.il... 46,133 


By the completion of Choctaw Pass Channel the object of this im¬ 
provement, “ to open a 13 foot channel from Mobile River to the 13-foot 
curve in Mobile Bay,” has been attained. Since its completion in Sep¬ 
tember last no changes in the depth of water have been reported, and 
the records of the pilots show that during the year 90 barks, brigs, and 
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schooners, drawing from 9 to 13 feet of water, have passed in and out 
through tbis channel. 

The following is a statement of th8 number of cubic yards excavated 
and amounts expended each year, from the beginning of the work, on 
this improvement: 


Fiscal year. 

Cubic yards 
excavated. 

i 

Cubic yards 
excavated. 

Amount ex* 
pended. 

1870-71. 

38,500 
107,963 

1 163,269 

1 373,389 

353,752 

|20, 714 76 
58,705 39 , 
61,106 29 I 
96,945 35 | 
85,275 94 

1875-*76 . 

2T0,575 
46,133 

fv, 17136 
12,250 K 

1871-’72. 

1876- 77. 

1872-’73 

| Grand total. 

1873-*71. 

18?4-’75. 

1,303,581 

390,100 55 

1 


After deducting amouuts expended in removing wreck and jetties, 
the average cost per cubic yard of dredging is 28 cents, including all | 
engineering, office, and incidental expenses. j 

The original estimate of the total cost, made in 1870, was $656,800, 
but assumed a width of channel of 300 feet the whole length. This was 
revised, later, the same year, and estimated at $774,315.52, with an as¬ 
sumed width of 250 feet over Dog River Bar, and 200 feet for Choctaw 
Pass. It was again revised in 1873, and the cost put at $589,237.69, 
with a width of channel of 200 feet the whole length. The channel, as 
actually cut, has a width of 300 feet through Choctaw Pass, and 200 
feet through Dog River bar, and cost (including $70,550 expended by 
the Alabama State Harbor Board, exclusive of removing obstructions,) 
$460,719.55. 

The great reduction of the actual below the estimated cost is due to 
the fact that the greater part of the dredging was done at contract 
prices, much below those upon which the estimate was based and those 
proposed in the earlier bids. 

The improvement, so successfully accomplished, has been of great 
benefit to the commerce seeking this port, but a large class of vessels 
which cross theouter bar, which has a mean low-water depth of 21 feet, 
are still compelled to lie at auchor about 27 miles from the city, and dis¬ 
charge and receive their cargoes by lightering, with all the disadvan¬ 
tage of increased freight and liability to damage of merchandise trans¬ 
ferred in this way. 

Such an improvement of the bay of Mobile as would admit of all ves¬ 
sels crossing the outer bar and entering the harbor, sailing up to the 
wharves of the city, is an important one, one much desired by all inter¬ 
ested in commerce at this place, and one, iu my opinion, easily attained 
at a reasonable expenditure compared with commercial importance of 
the harbor, present and prospective, and I would therefore recommend 
that an appropriation of $10,000 be made to commence the work, accord¬ 
ing to such plans as may be decided upon by a Board of Engineers to be 
convened for the purpose, the cost of the necessary examination and 
survey to obtain the necessary data for the use of the Board to be paid 
from this appropriation. 

As a conclusion to this report, I deem it my duty to report that a 
company called the Mobile Bay Breakwater Company has, under char- I 

ter and authority from the legislature of the State of Alabama, already I 

commenced work on a breakwater on the Middle Grouud, to the north 
of Mobile Point, of which the proposed location and extent are about as ! 
follows, as reported by their engineer: ] 

The main line or northwestern face of the breakwater to conform to the general j 

direction of the southeast edge of the Middle Grouud, that is, along the 18-foot cum, ; 
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as Dear as practicable, extending as far eastward as tbe extent of deep water, and 
thence by an angle to a southeast course, and extend in a direction toward tbe spit 
(off Navy Cove) as far as may be necessary for tbe proper protection of tbe proposed 
harbor. The westward extension of the breakwater is to lie to a point in the 18* foot curve 
near the southwest end of the Middle Ground, and bearing about due north from the 
wharf at Fort Morgan, Mobile Point, from which point tbe west wing to extend in 
abont a dne south course toward the wharf, and in that direction till a front in 24 feet 
of water is reached, giving an entire length of breakwater, including main line and 
wings, of about 2 miles. 

The effect of this construction cannot be positively fixed by data at 
present available, and no satisfactory report can be made, should one 
be called for, as I suppose is probable, (the company having memorial¬ 
ized Congress to indorse the plan,) until after long-continued and care- 
fnl examination of the currents in that portion of the bay. 

I think, therefore, if any appropriation is made for Mobile Bay, the 
act should be so worded as to allow of a portiou of it being used in the 
examination above referred to. 

This work is iu the collection-district of Mobile, Ala., and Mobile is the port of entry. 

The following statistics have been furnished me by the collector for the fiscal year: 

Number of vessels entered, 238, with a tonnage of 110,346 tons; number of vessels 
cleared, 213, with a tonnage of 110,714 tons. 

Value of exports of domestic produce, $12,812,066; value of imports, $648,404. 

Appropriation asked for fiscal year ending Jane 30, 1879, $10,000. 

Money statement. 


July 1,1876, amount available. $16,265 83 

July 1,1877, amount expended during fiscal year. 12,250 26 

July 1,1877, amount available. 4,015 57 


Amount that can be profitably expended in fiscal year ending Jane 30,1879. 10,000 00 


I 2 . 

REMOVAL OF OBSTRUCTIONS AT THE ENTRANCE TO THE HARBOR OF 

PENSACOLA, FLORIDA. 

United States Engineer Office, 

Mobile , A la., December 19,1876. 

General : In compliance with instructions contained in circular-let¬ 
ter of the 3d of November, 1876, I have the honor to submit the follow¬ 
ing statements in regard to “ an examination and survey to ascertain 
the cost and practicability of removing the obstructions at the entrance 
of the harbor of Pensacola, Fla.” 

At the entrance to this harbor there are four wrecks, as follows: 

No. 1. Pilot-boat Nettle, 34 tons, sunk May 31, 1875, in 4£ fathoms of 
water, about 1 mile north-northeast of the Outer Bar Buoy. 

No. 2. Ship William Miles, 1,200 tons, wrecked in the year 1869 in 12 
feet of water, on the Middle Ground, about three-fourths of a mile east 
of Fort McRee, now buried in the sand. 

No. 3. Spanish bark Ada, 900 tons, wrecked on No. 2 in March, 1872, 
and lying alongside of her. 

No. 4. Steamer Convoy, burned about the year 1868, and sunk in 12 
feet of water one-half mile south of the light-house, with part of her 
machinery still above water. 
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Wreck No. 1, located outside of the bar in deep water, may not prove 
much of an obstruction to navigation, and may not require removal. 

Wrecks Nos. 2 and 3, located on the east side of the main channel, 
not only interfere with the navigation of light-draught vessels, bat, what 
is of more importance, they are supposed to have an injurious effect upon 
the main channel. Owing to their location a strong tidal current, 
strongest at ebb tide, sweeps by these wrecks and washes the sand from 
around them into the main channel; and since their existence this chan¬ 
nel, according to the statements of the pilots, has shoaled 1£ feet, so 
that now at ordinary tides only 21 feet of water can be found. It is 
also supposed that they to some extent cause the rapid abrasion of the ; 
opposite shore at Fort McRee. 

Wreck No. 4, being partly out of water and plaiuly visible, may not 
be very objectionable to navigation, but should it be fouud to exert any 
injurious influence upon the direction of the tidal current its removal 
would become necessary. 

The harbor of Pensacola, Fla., is undoubtedly the finest harbor on * 
the Gulf of Mexico. It covers au area of over 20 square miles, with am- 1 
pie depth and good anchorage-ground; is perfectly landlocked and easy 1 
of access. Pensacola is the port of entry. The commerce of this port I 
consists almost exclusively in the exportation of timber and lumber, I 
principally to foreign countries, and is mostly carried on in vessels of I 
heavy draught. The following is an average, obtained from statistical 1 
figures of the last three years, furnished me by the collector of this port: I 


Value of imports. $23,067 

Value of exports.$2,068,767 

Number of vessels entered. 590 

With touuage of. 283,009 

Number of vessels cleared. 579 

With tonnage of. 234,268 


In this harbor is also located aUuited States navy-yard, the only one 
on the Gulf of Mexico; and this fact alone would make the preservation 
of a deep channel through its entrance a work of national importance. 

The probable expense attending the examination and location of these 
wrecks with necessary soundings and current-observatious sufficient to 
determine the necessity and feasibility of their removal, with general 

estimate of cost thereof, will be about $1,000. 

««««#« * 

Very respectfully, your obedient servant, 

A. N. Damrell, 
Captain of Engineers . 

Brig. Gen. A. A, Humphreys, 

Chief of Engineers D. 8. A . 


LETTER OF TOE CHIEF OF ENGINEERS. 


Office of the Chief of Engineers, 

Washington, 2>. C. % Mag 29, 1B77. 

Sir: The attention of this office has again been called to the impor¬ 
tance of an examination to ascertain the cost of removing the wrecks ia 
the entrauce to Pensacola Harbor. The estimate of $4,000 you sub- 
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mitted for this purpose, in your letter of December 19, last, is deemed 
excessive, aud, besides, that amonut cannot be spared from the very 
limited funds at disposal for that purpose. It is thought that a suffi¬ 
cient examination can be made for a much less sum, especially as you 
say the Coast-Survey charts will furnish much of the data and no survey 
will be necessary. 

You will please, therefore, revise your estimate, and ascertain the 
smallest cost of such an examiuation as will furnish, if not au absolute, 
at least a close, approximation to the cost of removal. 

JBy command of Brigadier-General Humphreys. 

Very respectfully,your obedient servant, 

John G. Parke, 

Major of Engineers. 

Captain A. N. Dambell, 

Corps of Engineers^ U. S. A. 


LETTER OF CAPTAIN A. N. DAMBELL, COBPS OF ENGINEERS. 

United States Engineer Office, 
Mobile , Ala ., June 2, 1877. 

General: In reply to department letter of the 29th ultimo, I have 
the honor of submitting au estimate of cost of an examination for fur¬ 
nishing an approximate estimate of cost of removal of the four wrecks 
at the entrance of Pensacola Harbor: 


Charter of schooner for one month. $300 00 

Diving apparatus, diver and amis taut, one month, at $20 per day. GOO 00 

Assistant engineer in charge, one month....*. 150 00 

Tools, rope, &c....-.1. 5200 00 

Contingencies. 250 00 


1 500 00 

Very respectfully, your obedient servant, 

A. N. Dambell, 
Captain of Engineers, 

Brig. Gen. A. A. Humphreys, 

Chief of Engineers, TJ. S. A. 


LETTER OF CAPTAIN A. N. DAMBELL, CORPS OF ENGINEERS. 

United States Engineer Office, 
Mobile, Ala., July 24, 1877. 

General: As promised in my letter of June 23,1877,1 have the 
honor of reporting that the cost of removing the four wrecks specified 
in Pensacola Bay is approximately estimated by me at $20,000 for the 
whole, and 1 would recommend an appropriation of this amount for the 
improvement of Pensacola Harbor. 

As there were some inaccuracies regarding these wrecks in my letters 
of December 19,1876, and June 23,1877,1 here give the list corrected 
according to my' present information: 
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Class. 

Name. 

l'c image. 

Date of 
wreck. 

Depth of 
water. 

Remarks. 





Feet. 


Ship. 

Wm. Miles_ 

1,200 

1009 

12 

Iron fastened; well settled in the sand; 
considerably broken up; no vilae. 


Bark. 

Ada. 

700 

1872 

13 

! Iron and copper fastened: well settled 
in the sana; not much value. 



Steamer. 

Convoy. 

375 

1864 

12 

Iron and copper fastened; weU buried 
in the sana. 

Pilot-boat.... 

Nettle. 

34 

1875 

14 

Oatside well settled in the sand. 



The positions are as stated heretofore. 

Very respectfully, your obedient servant, 

A. X. Damrell, 

/ Captain of Engineers. 

Brig. Gen. A. A. Humphreys, 

Chief of Engineers, U. S. A. 


I 3- 


IMPROVING HARBOR OF CEDAR KEYS, FLORIDA. 

In my report for last fiscal year on this improvement I stated that a 
channel 100 feet wide and 12 feet deep at mean low-water had been cot 
through the outer bar of this harbor. No work has been done during 
the present fiscal year. I am informed that this channel has been un¬ 
changed. 

By act of Congress approved August 14, 1876, an appropriation of 
$10,000 was made for this improvement, which was made available by 
order of the honorable the Secretary of War, dated March 3, 1877, au¬ 
thorizing its expenditure. In reply to letter from the Chief of Engineers, 
dated March 3,1877, asking for the recommendation of a project for the 
expenditure of this appropriation, it was proposed to apply the same— 

1st. To widen the cut through the outer bar to a width of 150 feet, by 
dredging, under contract. 

2d. To wideuing and deepening the channel inside Sea-Horse Key, by 
dredging, under contract. 

By letter of the Chief of Engineers, dated March 17, 1877, this pro¬ 
ject was approved, and, under date of April 7, 1877, advertisement* 
for proposals for this work were published under authority of the 
honorable the Secretary of War. On May 22, 1877, four bids were re¬ 
ceived and opened, and abstract of same forwarded to the Chief of E* 
gineers May 23,1877. By letter dated June 1, 1877, the contract fir 
this work was awarded to the lowest bidder, Jas. E. Slaughter, at 591 
cents per cubic yard for inside dredging, and 92 cents per cubic yam 
for dredging on the outer bar. 

Work on this improvement will be commenced as soon as the con¬ 
tractor can put his dredge-boat in working order. 

This work is located in the collection-district of Saint Mark’s, and Cedar Keys is the 
port of entry. 

No statement of the commerce of this poit has been famished by the collector, al¬ 
though timely application was made from this office, but will be forwarded as soon as 
received. 


Original estimated cost of this work.$133,500 

Whole amount appropriated. 32,500 

Appropriation asked for fiscal year ending June 30,1679.. 50, OW 


Abstract of bids is herewith attached. 
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Money statement . 

♦ 

July 1,1876, amount available. $4 95 

Amoont appropriated by act approved August 14, 1876.$10,000 00 

July 1,1877, amount expended during fiscal year. 

Jaly 1,1877, amount available. 


$10,004 95 
21 30 

9,983 65 


Amonnt (estimated) required for completion of existing project. 101,000 00 

Amount that can be profitably expended in fiscal year ending June 30,1879 . 50,000 00 

Abstract of bids received and opened May 22,1877. 




3 




B 

< 


g'T, 


x| 

8- 9 

•c 

0U 


Dredjrfnfc in the 
harbor of Cedar 
Keys, Fla. 

Dredging in the 
harbor of Cedar 
Keja. Fla. 

Dredging in the 
harbor of Cedar 
Keys, Fla. 

Dredging in the 
harbor of Cedar 
Eeya, Fla. 


Jaa. £. Slaughter.. 10,000 cubic i ;o 501 
yards, more | 

' or less. 

8. N. Kimball.i....do.I 64 


I 

Cbas. Fits Simons , ...do 
J.H. Gardner., ...do 


I 


, 

ipj 


87 


85 


I I 

O © I 

8.3 

8§ 


i. 


e j 

E t. 


a 

H 


a 

H 


30 98 


On or before 
September 1, 
1817. 

94 | On or before 


07 


1.09 


August 31, 
1877. 

On or before 
November 30, 
1877. 

Oq or before 
July 4,1877. 


On or before 
November 30, 
1877. 

On or before 
December 31, 

1877. 

On or before 
January 31, 

1878. 

On or before 
November 30, 
1877. 


I 4. 


MOVEMENT OP CHOCTAWHATCHEE RIVER. ALABAMA AND FLORIDA 

During the month of September, 1875, operations ou this river had to 
be suspended for want of funds, and work was not resumed until May, 
1877. By Department letter, dated April 2L, 1877,1 was informed that, by 
irder of the honorable the Secretary of War, the appropriation of $5,000 
kde by act of Congress approved August 14, 1876, for the improve- 
pnt of this river was available, and instructed to submit a project for 
6 expenditure. The recommendation that this appropriation be ap¬ 
plied to the continuation of the work as commenced under former appre¬ 
ciations, and that the 3-foot channel be carried as far up the river as 
be funds allotted will permit, having been approved by letter of the 
Shief of Engineers, dated April 27,1877, necessary preparations for the 
mediate commencement of operations were at once made, and during 
be month of May the work of removing snags, sunken logs, &c,, was 
iegun. A light-draught steamer was chartered, to work in connection 
mh the snag-boat, in order to forward operations as much as possible 
luring the present favorable season. One hundred and eighteen snags 
nd stumps have been pulled out, aud more than 300 overhanging trees 
fit and removed, to the close of the present year, leaving the lower por- 
iou, about 75 miles from the mouth of the river, in good boating condi- 
ion at low-water. 

Daring the cessation of the work, from September, 1875, to May, 
877, several land-slides occurred in the upper part of the river, which 
iud been made navigable previously, caused principally by ihe lodging 
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of logs and timbers on the shoals, and the appropriation will only be suf¬ 
ficient to clear the chanuel of those snags, logs, and overhanging trees 
from the month of the river to Geneva. 

In the upper part of the river three wrecks of steamers are still to be 
removed, and a channel through two rock shoals, from 200 to 300 feet 
long each, on which there is only about 10 inches of water, will have to 
be blasted before the contemplated improvement can be accomplished. 

It is proposed to continue the removal of snags, cutting overhanging 
trees, and improvement of bars in this river during next fiscal year, 
until the appropriation is exhausted. 


Original estimated cost of this improvement.$34,332 00 

Whole amount appropriated... 15.000 00 

Appropriation asked for fiscal year ending June 30, 1879. 19,000 00 


The Choctawhatchee River is situated in the collection-districts of Pensacola and Mo¬ 
bile, and Pensacola, Fla., is the port of entry. 

The following statement of this port has been furnished me by the 
collector: 

Number of vessels entered during the year, 590, with a tonnage of 288,569 tonB; 
number cleared, 587, with a tonnage of 276,724 tons; total value of exports of domestic 
produce, $2,276,822; amount collected on imports and tonnage dnes, $51,165.60. 

It is estimated that nearly one-half of the timber shipped at Pensa 
cola comes down this river, and there is good reason to suppose the 
commerce on the river will be very much increased when the projected 
improvement is completed. 


Money statement 


July 1, 1876, amount available. i . $284 93 

Amount appropriated by act approved August 14, 1876 . 5, 000 00 

-$5.334 93 

July 1, 1877, amount expended during fiscal year. 2,498 55 


July 1, 1877, amount available.. 2,786 3* 


Amount (estimated! required for completion of existing project. 19,332 00 


Amount that can be profitably expended in fiscal year ending June 30,1879. 19,000 00 


I 5- 

IMPROVEMENT OF APALACHICOLA RIVER, FLORIDA. 

No appropriation was made for this improvement for this fiscal year, ■ 
and work done during the year was paid for from an unexpended bal¬ 
ance of former appropriation. t 1 

The steam snag-boat Clara Dunning, which during the low stage of 
water had been employed on the Chattahoochee ltiver, was sent to the 
Apalachicola ltiver in December, 1870, and during that mouth and Jan¬ 
uary, 1877, a large raft was removed from the junction of Moccasin 
Slongb with Styx Hirer, and at the junction of Apalachicola Hirer and 
Moccasin Slough several large stumps were blown up and taken from 
the channel. 

The continued rise in the river and very severe weather made a sus¬ 
pension of further operations necessary, aud the steamer, being very 
much in need of repairs, was ordered to Columbus, Ga. 

It is proposed to continue the improvement during next year by con* 
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structinga dam on the west side of the upper end of Moccasin Slough 
and removing the point of land on the east side, thus forcing a larger 
volume of water through the slough and straightening the channel. 


Original estimated cost of work. $80,000 00 

Amoont appropriated previously... 20,000 00 

Appropriat on asked for fiscal year ending Jnue 30, 1879. ;. 20,000 00 


This river is situated in the collection-district < f Apalachicola, Fla., and Apalachicola 
is the port of entry. 

The following statistics have been furnished me by the collector of 
this port: ' 

Number of v saels entered during the year 21, with a tonnage of 7,082 tons; number 
cleared, 16, with a tonnage of 22rt tone. Value of domestic prodnce shipped by river 
inland, $62,250, and of merchandise imported, $200,000. Value of exports not given. 

Money statement . 


July 1,1876, amount available. $8,555 50 

July l, 1877, amount expended daring fiscal year. 3,778 59 

July 1,1877, amount available. 4,776 91 


Amount (estimated) required for completion of existing project. 60,000 00 

Amount that can be pro6tably expended in fiscal year ending June 30,1879. 20, 000 00 


I 6. 


IMPROVEMENT OF CHATTAHOOCHEE AND FLINT RIVERS, GEORGIA. 

Operations on this improvement were confined to the Chattahoochee 
River during this fiscal year. » 

The continued high stage of water prevented the boats from working 
on the bars and shoals during July, and the steam snag boat was 
employed in removing snags and cutting overhanging trees until 
August, when work at Wolfax Bar jetty was resumed. Upon examina¬ 
tion of the effects of the freshet on the work on this bar, it was found 
necessary to protect the head of the jetty by rock riprap, and to extend 
the breakwater ou the Georgia shore to the south end of the bar, a dis- ♦ 
tance of 560 feet in order to prevent further abrasion of this shore and 
the formation of a new bar below. 

This work was completed in December, 1876, and the steamer was 
sent on the Apalachicola River. On her return in February, 1877, it 
was found that the bad condition of her hull made her unfit for further 
work uutil thoroughly repaired. She was at once ordered to Columbus, 

Ga., and repairs commenced without delay. A new hull had to be 
bnilt, and at the close of the year all the machinery had been trans¬ 
ferred to same, and, as soon as necessary quarters for the working party 
can be completed, the boat will be ready for the season’s work. 

The blasting-boat, with her crew and outfit, commenced operations iu 
August, 1876, ou Little Uchee Shoals, where 111 cubic yards of rock 
were removed, giving a CO foot channel,! feet deep at low water. From 
this place the boat dropped down to Slick Bluff, at which place work 
was carried on until the middle of November, when a channel 55 feet 
wide and 3 feet deep had been attained. Several isolated rock reefs, 
wy dangerous to navigation above and below this shoal, were also 
removed. Five huudied and eighty-two cubic yards of rock were 
excavated during this time. The number of blasts made was KiO, the 
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average charge being 6 pounds of gunpowder, with 5 feet depth of 
drill hole, and the actual cost of removal of rock at these shoals was 
$3.35 per cubic yard, including all expenses. 

A rise in the river in the latter part of November prevented farther 
blastiug operations, and after the removal of 21 sunken logs from 
Hardridge’s Shoal work was suspended for the season. In April, 1877, 
necessary repairs were made to the blasting-boat and tender, and opera¬ 
tions were resumed at Middle Rock, below Slick Bluff, and, with only a 
few days 7 interruption by a rise in the river, were carried on to the close 
of the year. The current at this place being very strong, it became 
necessary to construct a breakwater above the work to procure slack- 
water, which, however, caused sand to settle in the eddy, retarding the 
progress of the work, and rendering drilling difficult. One bandred 
and thirty-eight cubic yards of rock were removed from the 44 Middle 
Rock 57 at the close of the year, requiring 89 blasts, with a charge of 6 
pounds of gunpowder. 

It is contemplated during next year to continue the work on the 
improvement of the most dangerous shoals on the Chattahoochee River, 
such as Hardridge’s Shoals and King's Rock, and then resume opera¬ 
tions on the Flint River. 

Chattahoochee and Flint rivers are in the collection-districts of Mobile, Savannah, 
Brunswick, and Saint Mary's. The nearest port of entry is Apalachicola, Fla. 

The following is the only information that could be obtained in regard 
to the statistics of the traffic carried on on these rivers : 


Number of bales of cotton transported. 31,730 

Total value of merchandise, Ate., transported. $5,796,800 

Original estimated cost of improvement. $330,000 

Total amount appropriated... 70,000 

Appropriation asked for tiical year endiug June 30, 1879. 50,000 


Money statement . 


July 1,1876, amount available... $*27,603 06 

Amount appropriated by act approved August 14, 1876. 20,000 00 

47,603 06 

July 1,1877, amount expended during fiscal year. 22,037 97 

July 1, 1877, amount available. 25,565 09 


Amount (estimated) required for completion of existing project. 260,000 00 

Amountihat can be profitably expended in fiscal year ending June 30,1879.. 50, 000 00 


17 . 

IMPROVEMENT OF BLACK WARRIOR AND TOMBIGBEE RIVERS, ALABAMA. 

As soon as the stage of water permitted, a full force was engaged on 
this improvement, and a number of bars and shoals were made passable 
for boats at low water, by the construction of jetties and breakwaters, 
namely, Battle’s Gin Bar, Washington Bar, Cut-Off Bar, White’s Bar, 
and Cleveland Shoals. The snag-boats were engaged in removing wreck 
of steamer Lily and snags and sunken logs over those bars and shoals. 
On the 10th *of August, the appropriation being exhausted, all work 
was suspended. 
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I 

B t v letter from the Chief of Engineers, dated October 24, I was in¬ 
formed that the appropriation of $15,000, made for this improvement 
by act of Congress approved August 14, 1876, was available. The sea¬ 
son being very favorable, necessary steps to resume the work were at 
once takeu, and, ou November 1, work ou the jetties was resumed, and 
by the middle of that month a full force was employed on all the boats, 
and work continued until December 31, when the severity of the weather 
and a rise in the river compelled a cessation of active operations. Dur¬ 
ing these months, November and December, 1876, the following bars 
were improved, viz: llohanas, Alligator’s, Colvin’s Island, and Log 
Shoals. Several bars of less importance were passed by in order to 
remove, as far as possible, the most troublesome obstructions, and, by 
working on this plan, steamboats which had heretofore been obliged to 
turn back at Log Shoals were euabled, on a slight rise of the river, to 
extend their trips to Tuscaloosa. 

The freshet in the river continued until the latter part of April, 1877, 
and operations on this improvement could not be resumed until May 1. 
The amount of funds available at this time being only sufficient to em¬ 
ploy a small force during this working-season, it was deemed best to 
confine operations to the removal of snags and overhanging trees from 
the mouth of the river to Log Shoals, and this work has been carried 
ou to the close of the year. 

The manuer of constructing jetties and shore protections, for the im-. 
provement of bars ou this river, was lully described iu my last report, 
aud has been adhered to during this year’s work. As the shore pro¬ 
tections are not of a lasting character, au experiment has been made 
with willow-planting, and should this prove successful, many points 
on the river could be permanently protected in this manner. 

I append, herewith, a summary of amount and kind of work done on 
the different bars and shoals during the past fiscal year. 


Number of overhanging trees cut and removed-.. 1,052 

Number of steamboat wrecks removed. 1 

Number of yards of gravel dredged. 400 

Length of shore planted in willows. 1,200 feet. 


Linear feet of jetties built aud number of snags removed as follows : 



U X 
a 

3 


Tuscaloosa to Battle's Gin 


Battle* Gin. 172 

Washington. 490 

Cut-Off. 409 

White*. :g:< 

Cleveland's. 559 , 

B tbanas. 2.V? 

Alligator. 754 



Localities. 






y \ I 3 | £ 



343 j 30 

3df 1 15 

1, 340 ! 70 

. , 48 


Log Shoals. | 

Prairie Creek ... 

.J 49 

Total. 


5, 070 j 798 



The number of bales of cotton shipped to Mobile, by the Black Warrior and Tom- 
bigbee Rivers during the fiscal year, was 00,109, and the value of the exports up these 
rivers is approximately valued at $2,707,005. 


Original estimated cost of the work...$172,603 

Whole amount appropriated.. 40,000 

Appropriation askeA for fiscal year ending June 30, 1879. 100,000 


The Black Warrior and Tombigbee Rivers are in the collection-district of Mobile^ 
and Mobile Ala., is the nearest port of entry. 

27 E 
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Money statement. 

July I, 1 870, amount available. $5,118 08 

Amount appropriated by act approved August 14, 1876. 15,000 00 

20,118 

July 1, I"77, amount expended during fiscal year. 14,655 

July 1, 1877, amount available. 5,463 04 

Amount (estimated) required for completion of existing project. 132,603 00 

Awonn i lbut can be profitably expended in fiscal year ending June 30, 1879. 100,000 00 
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ANNUAL REPORT OF CAPTAIN C. W, HOWELL, CORPS OF 
ENGINEERS, FOR THE FISCAL YEAR ENDING JUNE 30, 
1877. 


United States Engineer Ofpice, 

New Orleans , La. y August 6,1877, 

General: I have the honor to transmit herewith the annnal reports 
forthefi8cal year ending June 30, 1877, of the various works of river 
aud harbor improvement and surveys under my charge. 

Very respectfully, your obedient servant, 

C. W. Howell, 

Captain of Engineer*. 

Brig. Gen. A. A. Humphreys, 

Chief of Engineer8, U. 8. A. 


J x. 

IMPROVEMENT OF THE MOUTH OF THE MISSISSIPPI RIVER AT SOUTH* 

WEST PASS. 

The results obtained by continuance of this work during the fiscal 
year have been of marked benefit to commerce, and have been duly re* 
ported from month to month, as shown by the following extracts from 
ray monthly reports: 

For July: 

* • • # • # « 

The depth of channel at mean low tide ranged from 15£ to 16£ feet, with a least 
for thoee depths ranging from 70 to 60 feet. High tides ranged above mean low t ids 
from 21 to 3 feet, making the depth of channel at high tide range from 16 to 191 feet. 
The foUowing namber of vessels crossed the bar during the month : 


Steamers in. is 

8teamers oat.29 

Sailing-vessels in.. 1 '* 

Sailing-vessels oat.. . 

Total. 94 


■Of these, 9 drew from 18 to 18$ feet. Of this number, 2, drawing 18 feet and over, 
were detained an aggregate of 10 hours and 45 minutes by grounding on the east sitlu 
of the channel. 

The above was the only detention of vessels at the Southwest Pass daring the month 
by grounding. 

Repairs to the McAlester were continued daring the month and will probably be 
completed in August. 

# » * * * » 

For August: 

• • # # 4 # * 
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The depth of channel at mean low tide was 16$ feet, with a least width for that 
depth muging from 80 to 100 feet. High tides ranged above mean low tide from ‘2$ to 
:i J > i.-r, making the depth of channel at high tide range from 18£ to 19$ feet. 

( lit- h'ilowing number of vessels crossed the bar during the month: 


Steam its in. 20 

M lilN IS out.21 

bailie. ' esse Is in.16 

hiding-vessels out.-.19 

I <rnl.76 


* >T •In 7 drew from 18 feet to 19 feet 3 inches. Of this number, 1, drawing 18 feet 
l" ■ . was detained an aggregate 97$ hours by grounding on the east side of the 
rhiiwi' I. One vessel, drawing 16$ feet, met with slight detention by grounding on 
i urej i md lump, liepairs to the McAlester were continued during the mouth. 
i-M-i.i.-* tho work of dredging, the Essayons was placed at the disposal of Capt. M. 

U hi mv ii for the purpose of making a survey off South Pass. 

# *.#*■# # * 

For September: 

♦ * # # # * 

J ■ ii pth of channel at mean low tide ranged from 16 to 17 feet, with a least width 
I ■ i 1 depths ranging from 80 to 100 feet. 

1 1 j!, i ides ranged above mean low tide from 2 to 2$ feet, making the depth of chan- 
ucl i high tide range from 18$ to 19$ feet. 

I h' i. (lowingnumber of vessels crossed the bar during the month: 


M .. IH in.24 

M 1 "I IIII'I n out.21 

b n i vessels in.28 

tviil ng-vessels out...11 

If ul.84 


1 m i ■ 8 drew from IS to 19 feet. Of this number, 1, drawing 18 feet 6 inches, was 

ih ; <ihi I about 72 hours by grounding east of the channel. Five.vessels of from 14 
. ^i 1 .. lii feet 6 inchfs draught were detained about 56 hours by grounding on the 
i ,i r - 'Im of the channel. 

Ill a use of the above-mentioned vessels grounding was due to a strong easterly 
- ni'i i'll i. caused by strong west winds. 

nrs to the dredge-boat McxVlester were continued, aud will probably be completed 

during Member. 

* # # * * # 

For October: 

# # # ¥■ # * 

1 si Vpth of channel at mean low' tide was 10i f t et, with a least width for that depth 
.Mtigiiig from 90 to 100 feet. 

IE igli i ides ranged above mean low tide from 1$ to 2f feet, making the depth of eban- 
gli tide range from 18 to 19£ feet. 

i In billowing number of vessels crossed the bar during the month: 


^ ( Limi r* in..... 29 

Sr*’uun i s out. 34 

Sniling vessels in. 59 

" mi, vessels out. 28 

Total.:.150 


mi' 1 1 is number, 16 drew from 18 feet to 19 feet 8 inches. Of these, 3, drawing from 
1 * 9 io 19 feet 8 inches, were detained 33 hours by grouudiug on the east side of the 
Three vessels, drawing from 15 feet to 17 feet 6 inches, were detained aboat 
>■11 Ilnurs by grounding on the east and west sides of the channel, 

!'| j kits to the dredge-boat McAlester were continued during the month, aud will 
Im h j 1 1 4 1 1 >ly he completed early in November. 

I' duction in the crews of both dredge-boats was made. 

* # * * # 

For November: 

* # * * # » 

J depth of channel at mean low-tide ranged from 16 to 16$ feet ; with a least 
w ■ li L :■ -v those depths ranging from 90 to 100 feet. 
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High tides ranged above mean low tide from 1£ to 3 feet, making the depth of chan¬ 
nel at high tide range from 18 to 19$ feet. 

The following uuuiber of vessels crossed the bar daring the month : 


Steamers in.-. 23 

Steameis out. 34 

Sailing-vessels in. 76 

Sailing-vessels out..*. 58 

Total. 191 


Of this number, 15 drew from 18 feet to 19 feet 8 inches. Of these, 3, drawing from 
18 feet 3 inches to 19 feet 8 inches, were detained 10 hours and 30 minutes in crossing 
the bar. Two vessels, of from 10$ to 17$ feet draught, were detained 23 hours and 45 
minutes in crossing the bar. Repairs to the McAlester were completed during the 
month. 

» # # * # # # 

For December: 

* • * # * « « 

The depth of the channel at mean low tide ranged from 16 to I 64 feet, with a least 
width for those depths ranging from 90 to 100 feet. 

High tides ranged above mean low-tide from If to 2$ feet, making the depth of 
channel at high tide range from 17$ to 18$- feet, with soft bottom during the month. 

The following vessels crossed the bar duriug the month : 


Steamers in. 32 

Steamers out. 25 

Sailing-vessels in. 104 

Sailing-vessels out. 94 

Total.255 


Of this nnmber, 8 drew 18 feet; 7,18$ feet; 10,19 feet; 3,19J feet; 1, 19 feet 8 inches; 
1, 19 feet 9 inches ; total 30, drawing 18 feet and over. 

Following is a list of vessels grounding on the bar during the month, and remarks 
concerning same: 

December 1.—Ship Atmosphere, 18 feet, was 2 hours crossing bar. Bark America, 
17 feet, was 2 hours crossing bar. 

December 3.—Ship Baden, 19 feet, grounded at 5 p. m. on east side of channel; got 
off aud to sea at 9 p. m. December 5. 

December 6.—Ship Martha Cobb, 16 feet 6 inches, bound out, grounded at 1 p. m. 
on east Side of channel, below No. 4 ; went to sea at 6 p. m. December 9. 

December 9.—Steamer Diego, 19 feet 9 inches, bound out, grounded at 5 p. m. on 
west side of channel, near Cleopatra Buoy; got off and to sea December 10. 

December 12.—Steamer Emilano, 19 feet, bound out, grounded at 5 p. m. on west 
side of channel, near No. 3. She went to sea at 8 p. m. December 13. 

December 15.—Ship Belgravia, 19 feet; grounded December 8 at 5p. m.; was pat to 
sea at 4 p.m. 

December 27.—Ship Morning Star, 19 feet, grounded December 18 went to sea. 
Bark Granville Belle, 16 feet 6 laches, grounded at 5 p. m. 300 feet east of channel and 
remained all night. 

The Essayons remained on duty at Southwest Pass during the mouth, and the Mc¬ 
Alester was held in reserve at New Orleans. 

* * * * * # # 


New*Orleans, La., January 24, 1877. 

Sir; In view of the present rise in the river here, and the flood that is rapidly com¬ 
ing down from the upper tributaries, you are directed to closely watch the channel 
across the Southwest Pass Bar, and by working the dredge on the bar whenever and 
at all times when the current is favorable, and by vigilantly enforcing regulations, so 
far as yon have the power, prevent any shoaling of channel and any blockade. 

Yon will report condition each day by telegraph, and advise me when you think the 
McAlester should be sent down to assist the Essayons. 

If the channel is not kept in order during this rise, and possibly deepened, I fear we 
shall have trouble on the bar. 

You will please give this matter constant aud close attention, as very much depends 
upon maintaining the channel. 

Very respectfully, your obedient servant, 

C. W. Howeix, 
Captain of Engineers, U. S. A. 

Capt. C. H. Elwell 
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For January: 

#«#•«** 


In consequence of the low stage of the river, and the uniformly good condition of 
the channel, there was no attempt at dredging made until the 29th of the month, when 
the channel was rapidly deepened to 17 feet, mean low tide, and widened. 

The time for recommencement of dredging was opportunely chosen, as the muddy 
water of present rise in the river reached the bar on Thursday, the 1st of February, 
and on Sunday, the 4th, hard, sandy bottom began to make its appearance. The 
inclosed copy of report of Civil Assistant Collins, who was sent with special instruc¬ 
tions to observe the first effect of this rise, to establish additional bench-marks at 
velocity stations, and to communicate certain information solicited by the assistant 
engineer of the South Pass Jetty Company, is submitted as of interest. 

Carrollton gauge-reading to date, covering time of rise in the river, is also inclosed. 

The following is a synopsis of reports received, showing commercial use of the Pass 
and particulars. 

The depth of channel, at mean low tide, ranged from 16 to 17 feet, with a least 
width for those depths ranging from 60 to 100 feet. High tides ranged above mean 
low tide from 1* to 2 feet, making the depth of channel at high tide range from 17f 
to 18* feet. 

The following vessels crossed the bar during the month: 

Steamers in. 25 

Steamers out. 33 

Sailing-vessels in.*.. 49 

Sailing-vessels out. 106 

Total. 215 


Of this number. 9 drew 18 feet; 1, 18 feet 4 inches: 10, 18 feet 6 inches; 4, 18 feet 
9 inches; 5, 19 feet; 2, 19 feet 6 inches; total 31, drawing 18 feet and over. 

Following is a list of vessels grounding on the bar during the month and remarks 
concerning same: 

January 2.—Bark Granville Belle, 16 feet 6 inches; grounded Decentber 27; went to 
sea at 5 p. m. 

January 7.—Steamer Borussia, 19 feet 6 inches; grounded at 6 p. m., on east side of 
channel: w*nt to sea at 2 p. m. January 9. 

Ship Queen of Nations, 18 feet; grounded at 10 p. m., January 9, on west side of 
channel; went to sea at 4 p. m. January 15. 

January 26.—Bark Tancred, 17 feet 6 inches; grounded at 10 a. m., on east side of 
channel; went to sea at 3 p. m. 

*■ # # # * 


For February: 

*####* 

The short rise in the river which marked the month made it necessary to work the 
one dredge-boat to its full capacity, and at the same time rigidly enforce regulations 
for nse of the channel dredged. 

The usual depth of channel was maintained until the top of the rise, after which 
the depth was slowly increased to 18 feet mean low title, (so called, as I have hereto¬ 
fore explained, 2.15.feet below average flood tide South Pass.) 

The depth has been increased * foot, and the bottom has again beoome soft. 

The Eseayons became disabled during the month from natural wear of forward shaft- 
casing and sleeve, and from breaking shoe and plow, and was relieved by the Mo- 
Alester. 

Before being placed on duty, the McAlester was sheathed fore and aft, from the light 
draught to the deep draught line, because of dry-rot in planking. The Essayoos was 
brought to the city, and repairs at once commenced. 

The coal-barge was also brought up for supplies, and sheathed above the light- 
draught line, as it was not deemed safe to load her without doing this. 

Assistant Collins was engaged during the v latter part of the month in surveys at 
Southwest Pass and Pass & POntre, and has not yet completed the work ordered. 

The following is a synopsis of teports made by the master of the dredge-boat on doty 
at Southwest Pass; 

Depth of channel at mean low tide ranged from 17 to 18 feet, with a least width for 
those depths rangiug from 60 to 120 feet. High tides ranged above mean low tide 
from If to 2* feet, making the depth of chaunel at high tide range from 18f to 20 feet. 


Digitized by 


Google 








APPENDIX J. 


423 


The following vessels crossed the bar during the month : 

Steamers in. 

Steamers out.. 

Sailing-vessels in. 

Sailing-vessels out.. 


32 

72 


Total. 147 

Of these, 4 drew 18 feet; 3,18 feet 6 inches; 6, 19 feet; 1,19 feet 6 inches; 1,19 feet 
7 inches; total 15, drawing 18 feet and over. 

Following is a list of vessels grounded during the month, and remarks concerning 
same: 

February 4.—Ship Glad Tidings, 17 feet 6 inches; grounded at 6 p. m. across channel; 
got off at 12.10 p. m. February 5. 

February 6.—Ship Malta, 18 feet; grounded at 5 p. in., west side of channel; got off 
at 10 a. m. February 7. 

February 17.—Bark Charles Bal, (draught not given;) grounded at 6 p. m.; got off 
at 9 a. m. February 18. 

February 20.—Ship Belle O’Brien, 19 feet 6 inches; was two hours crossing bar. 

February 21.—Steamer Texas, 19 feet 7 inches; met with slight detention. 

February 25.—Bark Renown, 18 feet; was 1 honr and 25 minutes crossing bar. Ship 
Tirrell, 19 feet; grounded at 7 p. m. on west side of channel; got off 5.30 p. in. Feb¬ 
ruary 26. 

February 28.—Ship Advance, 19 feet; was 3 hours crossing bar. 

* 7 * m # . # # 

Daring the month the commercial use of South Pass in preference to Southwest Pass 
baa been confined to a few barks coming in ballast, some schooners, and the Cromwell 
liue of steamers, which are of medium draught, and always loaded by the stern. 

Also United States man-of-wAr Plymouth, 17 foot-draught; Barrett, commander. 
*###*## 


For March: 


The w ork of dredging on the bar at Southwest Pass was continued as heretofore, 
viz, at such times as w'ere found necessary to maintain the channel io condition to give 
an adequate inlet and outlet for the present commerce of this port. In this we have 
been successful, as shown by the following condensed statement made up from the log¬ 
book of the McAlester and from the statement following it, in which is given the depth 
of channel for each day of the month when soundiugs were taken. 

DETENTION. 

March 6.—Bark Euergia, 17 feet 6 inches; grounded at 10 a. m., west side of channel 
went to sea 3.45 p. m. 

March 19.—Steamer Memphis, 19 feet 10 inches; grounded at 8 a. m. on outer mud- 
lump ; went to sea 9.05 a. m. March 20. 

March 27.—Steamer Ithnriel, 17 feet 6 inches; grounded west of Cleopatra buoy at 12 
m.; went to sea at 5 p. m. 

March 30.—Steamer Borussia, 20 feet 6 inches; grounded at 9 a. m. on outer mud- 
lump ; went to sea 7 a.m. March 31. 

March 31.—Ship John Patten, 17 feet 6 inches; grounded at 10 a. m., west of chan¬ 
nel ; got off about 1 o’clock April 3. 

The depth of channel at high tide ranged from 19$ to 20$ feet. 

The channel was at all times over 18 feet in depth, w'ith a least width for that depth 
of 100 feet, and the bottom soft, except on the first day of the month. 


Entrances and clearances recorded: 

Steamers entering. 20 

Steamers clearing. 19 

Sailing-vessels entering. 25 

Sailing-vessels clearing. 57 

Total.„. 121 


Of these, 4 drew 18 feet; 1, 18 feet 4 inches; 6,18 feet 6 inches; 5,19 feet; 1,19 feet 
3 inches; 1,19 feet 6 inches; 1,19 feet 10 iuches; 1,20 feet 6 inches; total 20,draw¬ 
ing 18 feet and over. 

The plane of average flood-tide was ascertained by transfer from South Pass United 
States gauge. 
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Sint ill raucous observation was conducted at tbe two places for one month, and the 
zero at Southwest Pass, which is below all except extreme low tides, was found 2.15 
loH below that at South Pass. 

Assistant Collius and party completed field-work of final survey during the month; 
plotting is not quite finished. Repair of the Essayous is nearly finished; she will be 

ready fur service when needed. 

# # * ■ # # • 

For April: 

*#*#*« 

The depth of channel at mean low-tide ranged from 17 to 18 feet, with a least width for 
those depths ranging from 60 to 100 feet. High tides ranged above mean low tide 
from l J t o 3 feet, making the depth of channel at high tide range from 184 to *20 feet. 
The following vessels crossed the bar during the month : 


Steamers in. 1 

Steamers out. 19 

Sail i tig- vessels in. 41 

Sailing-vessels out. 54 

T<dal. 120 


Of these, 2 drew 18 feet; 2,18 feet 6 inches ; 1,18 feet 8 inches; 1,19 feet; 2,19 feet 
!i Inches; 2,20 feet; total 10, drawing 18 feet and over. 

Following is a list of vessels grounding during ihe month, aud remarks concerning 

same: 

April I,—Ship Geo. Peabody, 15 feet 6 inches, grounded, in fog, on west side of chan¬ 
nel ut b p. m; got off at 9 a. m. April 2. 

Apnf -.—Ship John Patten, 17 feet 6 inches, grounded May 31; got off at 10 a. m. 
Aitrtl 10.—Ship Warsaw, 18 feet 0 inches, grounded on outer lump at 5 p. m; got 
off at 3 p. in. on the 11th. 

vJprif 11.—Ship Revolving Light, 19 feet, grounded on west side of channel; got off 

April 17, 

April 22*—Steamer Hanover, 19 feet 6 inches, grounded at 4.20 p. m. on west side 
of channel; got off April 25 at 10.45 a. m. 

The McAlester was continued on duty at the bar daring the month. Repairs to the 
Ivvsayons were completed. 

» * * * # » 

For May : 

##***# 

The depth of the channel at mean low tide ranged from 16 to 18 feet, with a least 
width for those depths ranging from 70 to 100 feet. High tides ranged above mean 
low tides from If to 3 feet, making the depth of channel at high tide range from 19 to 
20} feet. . 

Following is a list of vessels crossing the bar during the mouth : 


Steamers in. 11 

Steamers out. 8 

Sailing*vessels in. 19 

Sailing-vessels out. 48 

Total. 86 


Of these, 1 drew 20 feet 5 inches; 2, 20 feet; 1,19 feet 11 inches; l, 19 feet 10 inches; 

3, 19 feet 8 inches; 1,19 feet 6 inches; 1,19 feet 4 inches; 1,19 feet 3 inches; 6,18 ftefc 
6 inches; 3, 18 feet; total 20 drawing 18 feet and over. 

Fellow ing is a list of vessels detained, and remarks concerning same: 

A/ntf 2.—brig Onolaski, 15 feet, grounded east of channel at 12.30 p. in : got off 9 a. • 
to , May 3. 

Ahitf 8 .— Ship G. Strickland, 18 feet, was 3 hours crossing bar. 

Miip 18.—Bark Montebello, 19 feet 11 inches, grounded at 9 a. in. on west side of outer 
mud lump; got off May 19 at 12.40 p. in. 

Mu tt -JO,—Ship Arcturus, 19 feet 8 inches, grounded at 12 m. on west side of channel; 
got oil May 26 at 7 a. m. 

Map 26.—Steamer Bombay, 20 feet 5 inches, grounded at 9 a. m. above Cleopatra 
Buoy ; got off 7 a. m. May 27. 

Matt 27.—Ship Northampton, 19 feet 10 inches, grounded at 9 a. m. on west side of 
channel ; got off at 6.15 a. m. May 28. 

M<iy 28.—Ship Expounder, 20 feet, grounded at 7 a. m. below Cleopatra Bnoy; 
aground May 31. 

During tbe month the McAlester was ordered to the city for repairs to side-arm of 
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her deflector, and the Essayons sent to relieve her. After repairs to her deflector, the 
McAlester was returned to' South west Pass for duty and the Essayons laid up at that 
pass. 

For June : 

• ###*♦«» 

The depth of channel at mean low tide ranged from 15 to 17 feet, with a least width 
for those depths ranging from 50 to 100 feet. 

High tides ranged above meau low-tide from 2 to 3£ feet, making the depth of chan¬ 
nel at high tide range from 17 £ to 20£ feet. 

Following is a list of vessels crossing the bar during the month: 


Steamers in....- 12 

8teamers out. 13 

Sailing-vessels in. 19 

Sailing-vessels out. j. 31 

Total. 75 


Of these, 3 drew 18 feet; 1,18 feet 6 inches; 1,19 feet; 1,19 feet 10inches; 3, 20 feet; 
1,20 feet 2 inches; 1, 20 feet 4 inches; 1,20 feet 8 inches; 1, 21 feet; 1, 21 feet 2 inches. 
Total 14 drawing 18 feet and over. 

Following is a list of vessels grounding during the month, and remarks concerning 
same: 

June 2.—Ship Expounder, 20 feet, grounded May 28; got off. 

June 4.—Ship Lancaster, 21 feet, grounded at 9 a. m.: got off* at 7 a. m. June 10. 

June 8.—Ship John Watt, 17 feet 8 inches, grounded at 7 a. m.; got off at 6 a. m. 
June 9. 

June 12.—Steamer City of Havana, 15 feet 6 inches, grounded on outer mud lump; 
went to sea during the night. 

June 15.—Bark Alfa, 19 feet, grounded at 1 p. m. on west side of channel; got off at 
10 a. m. June 24. f 

June 24.—Steamer Chilian, 20 feet 5 inches, grounded at 6 a. m.; still aground June 
30. 

During the month the McAlester was brought to the city for renewal of cas/ng to 
shaft, and the Essayons retained on duty at the bar. 

• * # • % # * 

For more detailed information than is given in these extracts, a daily record is 
appended in the usual form. 

Of this the following synopsis is presented : 
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Owing to atoamer Chilian being across channel. 
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The following statistics regarding the commerce of the port of New 
Orleans for the year ending Jane 30, 1877, have been kindly tarnished 
from the records of the collector’s office: 

Statement of number and tonnage of vessels entered at and chared from the port of New 
Ot'kai 18 during the year ended June 30, 1877. 


Entrances. I Clearances. 


No. 

Class. Tonnage. 1 No. Class. 

ii 

Tonnage. 

403 

*730 

Steam. 466.088 

395 1 Steam.*.. 

467,570 
396,517 

Sail. 4«2j 564 [ 

748 Sail. 



1,133 

Total number of vessels entered. 938,652 

1,143 | Total nnmber of vessels cleared 

864,087 


Total value of imports... v .. . .. $9,522,559 00 

Total value of exports, domestic. 70,197,732 00 

Total value of exports, foreign. 151,584 00 

T^3497il6 00 

Total amount of revenue collected on imports.. 1,601,646 32 


The following regarding shipments of grain and cotton has been partly 
drawn from the columns of the New Orleans Price Current, and partly 
from reports made to this office from Southwest Pass: 

Comparative statement of cotton and grain exported from the port of New Orleans for the years 
ending June 30, 1876, and June 30, 1877. 



Grain. 

Cotton. 

Tear ending June 30,1876 .*.. 

Bushels. 

1,140,1O0M 
2,339,051 

Sacks. 

223,350 

324,859 

Bales. 

1,548,012 

1,489,144 



1,198,944§| 

101,509 

Tear ending Jane 30,1876 ..... 



Year ending .1 une 30,1877 ... 



Decrease of exports in 1877 from 1876.. 



58,898 

1877. 

Total via Southwest Pass .. 

1,587,433|| 

751,617*1 

237, 754 
87.105 ] 

1,176,347 
312,797 

Total via other outlets... 

Via Southwest Pass in excess of other outlets. 

835, 815|| 

150,649 | 

863,150 



Number of vessels sailing through Southwest Pass during the year ending June 30, 1877, 

drawing 15 feet and over. 

Draught from 15 feet to 21 feet 2 inches: 


15 feet, and under 16 feet. 140 

16 feet, and under 17 feet. 114 

17 feet, and under 18 feet. 126 

18 feet, and under 19 feet. 114 

19 feet, and under 20 feet. 60 

20 feet, and under 21 feet. 10 

21 and over. 2 


Total 


566 
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These statements taken together serve to show how important it was 
that dredging should have beeu continued during the past year. Owing 
to frequent mistaken reports regarding available or anticipated depths 
of channel through the South Pass, where the experimental application 
of the jetty system was inprogress, many vessels were loaded to greater 
draughts than usual, and had it not been for the dredged channel at 
Southwest Pass must have suffered serious deteutiou aud loss. This 
must continue to be the case until after the jetty-channel may be reli¬ 
ably established. Even, after that, it will be advisable to hold the 
dredges in readiness to open a channel, should the navigation of the 
South Pass be impaired by the re-formation of bars at its river and 
Gulf ends, or by shoaling in the body of the pass, or by destruction of 
the jetty-works, either by storms, by the teredo, or by undermining. 

DREDGE-BOATS, ETC. 

The dredge-boats and other vessels employed on the work have been 
kept in a fair state of preservation, but owing to the possibility of sus¬ 
pension at some time during the year, and also because of the smallness 
of appropriation, which was but two-thirds of that estimated as neces¬ 
sary, many repairs which, in the interest of future economy, should have 
beeu made, w ere postponed. If found necessary to work the dredges 
after November next, extensive repair should be provided for. 

As deterioration is rapid in this climate, the repair that will be called 
for cannot now be definitely specified or estimated for. 

SURVEYS, ETC. 

In connection with the work the following-named surveys, observa¬ 
tions, &c., under the direction of Mr. H. C. Collius, civil assistant en¬ 
gineer, were made during the year: 

August 28 to September 10, 1876.—Making deep-sea survey at Southwest Pass and 
South Pass. 

September' 11 to September 18.—Survey with launch out to 130 feet at Southwest Pass. 

September 19 to 25.—Suivey of bar at Southwest Pass. 

September 29.—Survey from wreck to Snake Island, Southwest Pass. 

January , 1877.—Made trip to city with launch to test for salt water in the river. 

January 31.—Went to head of passes to establish some new bench-marks where the 
old ones were liable to be washed away. 

Febmary 2 to 4.—Made a survey of the channel at Southwest Pass. 

February 15 to 19.—Made survey of Pass it POntre, from light to 30 feet deep outside 
the bar, and sounded cross-sections up Pass it POntre and Northeast Pass. 

February 20 to 28.—Made survey of Southwest Pass out to 40-foot curve. 

March 7.—Made cross-Bections of the river at CubitPs Gap, and a few soundings in 
CubitpB Gap. ♦ 

May 19 to 23.—Soundings in Cubitt's Gap and cross-sections of passes. 

Current-measures and cross-sections: 

September 28,1876.—Current-measures on bar, Southwest Pass. 

March 8 to 11, 1877.—Current-measures and cross-sections at Northeast Pass and 
Southwest Pass for velocity and discharge. 

May 19 to 22.—Remeasured cross-sections at Southwest Pass and Northeast Pass, and 
made current-measures for velocity and discharge. 

Mr. Collins, when not in the field, was employed in compiling and 
arranging the results of previous work of the same character. This bas 
proven a greater and more delicate task than it was at first conceived 
to be, and while progress is being made in it, no time can be set for its 
satisfactory completion. The charts relating to the three maiu passes 
number 175. The separation of these into classes according to merit, 
locality, and extent; their consolidation into the form of comparative 
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charts, and tbe reduction of these to a scale suitable for publication, has 
been of itself a work requiring much time and labor. 

The preparation of river, tide, and wind diagrams; the observations 
for velocities of current at various places and at various stages of the 
river; observations for volume of discharge of the river and its passes 
under conditions causing change, and observations for quantity of mate¬ 
rial carried in suspension by the river-water and pushed along the bot¬ 
tom of the passes; together with the computations and tabulations nec¬ 
essary to put the Jesuits in shape, have also consumed much time. Con¬ 
clusions could not safely be put forth while this work was yet incomplete. 

The work of survey and observation being dependent on such means 
as could be spared from the work of dredging, could uot be pushed as 
it might have been under an adequate special appropriation, aud my 
own time has been so taken up with other matters demanding attention 
that I have only been able at times to study the results obtained. 

Some of the most important conclusions drawn from study of the data 
presented by these surveys and observations being of interest at the 
present time, I will outline. The^Chief of Engineers, I believe, has been 
furnished the data on which the conclusions are based. 

BAR ADVANCE. 

In treating this subject heretofore, the crest of bar has been taken for 
measurement of advance of the bars proper, and from observations, 
carried through a comparatively short period, of material carried in sus¬ 
pension by the river to the Gulf, estimates have been made of deposit 
in the Gulf—of that deposit which forms the foundation of the bars 
proper. 

As the bar crests may have their location variously assumed by dif¬ 
ferent persous, and knowing that 20 feet was the greatest depth of chan- * 
nel claimed over any one bar during the time covered by actual survey, 
my measurements of bar advance are based on advance of the outer 20- 
foot contours. 

From these measurements for Pass i\ POutre, Southwest Pass, and 
South Pass, it appears that since I860 the mean animal rate of advance 
has decreased. This may be due to the opening of Cubitt’s Gap, through 
which a large volume of water has been discharging during the greater 
portion of the time stated. Like all crevasses, this one presents a deep 
basin between the river and the subdelta, which it is rapidly forming. 

During the low stage of the river this basin has not been found less 
than 112 feet in depth, nor during the flood stage less than 127 feet, 
while the depth”of tbe river opposite is but 51 feet. 

The contours of the river opposite the crevasse, as well as the rabidity 
with which the crevasse subdelta is being built up, suggest that a large 
amount of the material moved along the river-bottom to this poiut is 
drawn into the crevasse by tbe vertical eddy thrown out toward the 
Gulf, and there carried by the swift current to aid in building up the 
shoals beyond. In no other way can the rapid growth of the “Cubitt” 
subdelta or of the “Jump” subdelta be accounted for. 

This abstraction, above the Head of tbe Passes, of material that would 
otherwise have gone to the bars of the main passes, I have no doubt 
truly explains the noted decrease in mean aunual rate of advance of bar 
proper. 

Gulfward of the bars proper, which I assume to extend out to depths 
of 120 feet, begins the bar foundation made up by deposit of material 
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carried in suspension by the river waters, and in order of its specific 
gravity, gradually deposited by its carrier. 

The distauce from the bars proper, at which deposit begins, is as 
variable as the stage of the river, and as the winds which disturb the 
waters of the Gulf and change the direction of discharge of the river 
outlets. 

The dividing line between bar proper and bar foundation has been 
assumed at 120 feet depths in the Gulf, because at about this depth 
marked evidence of mud-lump action ceases and marked deposit begins. 

The surveys covering this bar foundation off the three main passes, 
out as far as depths of 300 and 350 feet, show conclusively that the 
growth of this foundation has been greatly underestimated iu the past. 

Profiles are submitted herewith, marked “A,” which warrant the be¬ 
lief that if bar foundation several miles gulfward of the bars proper of 
Southwest Pass continues at the rate shown for the time covered by 
these surveys, it will, within a few years, come to the surface. The same 
may be said of Pass 4 POutre and South Pass, as the following memo¬ 
randum of measurements will show: 


MEMORANDUM. 


The fill at Southwest Pass, 7^ miles out from the bar, between the 
surveys of March, 1874, and September, 1876 .including three high-river 
periods, would take it to the surface iu fifteen times as long, or forty- 
five years. At 60,000 feet out the fill was one-tenth the depth, giving 
thirty years to reach the surface at that place at the same rate. 

Since Captain Talcott’s survey, in 1838, the fill, at 57,000 feet out, has 
been 620 feet, which at the same rate continued would carry it to the 
surface in eighteen years. 

* The surveys at South Pass, in 1874 and 1875, include two high-river 
periods, and oft’ the bar the fill is one-eleventh the depth of water at 
25,000 feet from the crest, at which rate it would take twenty-two years 
to reach the surface; on a line farther east it would take twenty-eight 
years, and on the west line of soundings it would take twenty-six years. 

At Pass H POutre profiles give a period of but one year, and the fill 
at 7£ miles out was one-thirtieth of the depth. 

This may well be considered a startling development, because it sug¬ 
gests prolongation of the main stem of the river within a comparatively 
brief period, and with such prolongation the definite abandonment of ail 
human effort to secure or maintain a u great open river-mouth, 99 suited 
to the wauts of commerce. 

With the map of Louisiana before me I venture to trace four great 
eras marked by main-stem prolongation, takiug the topographical fea¬ 
tures east of the main stem of the river and below the mouth of Red 
River as my guide. 

The first subdelta terminated with the inclosure of Lake Maurepas. 
The first main-stem prolongation terminated in the formation of sub- 
delta which inclosed Lake Pontchartrain, the second with that which 
shut in Lake Borgne, the third with that which formed the subdelta on 
which Forts Jackson and Saint Philip are built, and the fourth in the 
present subdelta. 

It is noted that the last two subdeltas are smaller than those which 
preceded them, and the reason for this is quite apparent. On account ot 
their protrusion they have beeu more exposed to the battering of the 
waves, and the advance of shore-liue has thus been retarded, while the 
building of the bar foundation has been accelerated. 
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Attention is called to this, that it may be remarked that the snbdelta 
now supposed to have nearly completed its cycle of formation is quite 
as large as the one jnst preceding it. It is further noted that each pro¬ 
longation of main stem has been made in a general southeasterly direc¬ 
tion, or, so to speak, in the face of the prevailing winds. This fact fur¬ 
nishes reason to think that future prolongation will be made through 
the Northeast Pass rather than through the narrow South Pass, or 
through “Cubittfs Gap.” 

Farther reason is offered by the observed fact that the more easterly 
passes are comparatively short lived. 

Of the mauy such that have existed, and that can yet be traced, all 
but two—“Cubitt’s Gap? aud a North Pass”—are extinct, while the 
latter has beeu closing rapidly within the past ten years. 

Since 1838 the Southeastern Pass, at its head, has gradually shoaled, 
and now preseuts but a depth of 27 feet at low-tide, low river, where it 
then presented 48 feet. 

The South Pass at its head also shoaled, but in a less degree, up to 
the present year, when by artificial works it was deepened on the South¬ 
west Pass side, while during the same period the Northeast Pass but 
Bligbtly shoaled the bar at its head. 

As profiles A are presented simply as a fair tvpe of the many bar- 
foundation sections that have beeu made, so are profiles B herewith sim¬ 
ply as a type of bar proper sections, and to illustrate some remarks on 
the part taken by the mad-lump formation in the work of bar-building. 

It was long ago observed that the rise of mud-lumps above the sur¬ 
face of the water was, with rare exceptions, confined to the immediate 
vicinity of the outer-bar crests, and that as the bars advanced into the 
Gulf, leaving behind the lumps on the sides of the horseshoe shaped 
crests, these latter lumps were gradually beaten down by the waves and 
lost in the extension of the marshy shores of the passes, while those in 
front disappeared after a comparatively brief existence. 

Our surveys serve to explain this phenomenon, and lead to interesting 
conclusions as to the cause of mud-lump formation, and as to the impor¬ 
tant part it plays in the advance of bar proper. The outer slopes of the 
bars of the three main passes surveyed are found to consist of series 
of hilly ridges, which are nearly parallel to each other aud to the outer 
crests of their bars. 

These hillocks and ridges are incipient mud-lumps with their connec¬ 
tions, and seem to be due to the gradual upheaval of the whole mud- 
lump stratum. 

They advance gulfward as the bars advance, but at a lesser rate, so 
that they are gradually absorbed aud lost in the body of the bars or in 
the advancing shore formation. As they move forward they gradually 
rise, and the peaks become sharper and sharper until they reach the sur¬ 
face near the bar-crest. 

Those in front of the pass, as before remarked, are then lost and do 
not re-appear, even after the deep water inside the pass has advauced to 
the place of their first appearance above water. Those on the sides, on 
the contrary, remain above water, are subject to steady enlargement by 
the action of weather and waves, combiued with continued gradual up¬ 
heaval and occasional violent disturbance, like that which in April, 1875, 
in a few hours necessitated the abandonment of Pass A l’Outre aud caused 
the partial closure of North Pass. From these and mother observed facts 
I have come to the conclusion that the rise of mud-lumps is entirely due 
to pressure, and this I will explain, using Diagram 0 to illustrate. The 
diagram represents a section along the axis of a pass. On the diagram, 
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A B is taken to represent the original Gulf bottom. C', C, C, &c., that 
stratum of material, carried by the river-water, the farthest from the 
bar-crests, and in part made up of the vegetable matter from which 
comes the “marsh gas” emitted from ruptured mud lumps. D IV IF 
represents the plastic blue-clay stratum overlying this. E and F rep¬ 
resent the heavier deposits inside and outside the crests of the bars and 
resting upon this clay stratum. G represents the mass of deposibwhich 
during the lower stages of the river makes in the bed of the river and its 
passes, and which, after mid-stage, is rapidly moved down upon the bars. 
Immediately after this mass G begins to accumulate upon the inner 
slopes of the bars, the rise of lumps outside the bar-crests becomes very 
marked, as does also the advance of the crests. It appears probable 
that during the lower stages of the river, the deposit E is nearly bal¬ 
anced by F; hence, as observed, there is during that period but little 
cliauge in position or shape of lumps, and that little such as can be 
traced to wave and weather action ; but when G is added to E the equi¬ 
librium is at ouce disturbed. The added weight presses D down upon 
the soft mass C', C 0, and through this the pressure is transmitted to D' 
D' and there resisted by the weight of F—a weight which increases 
with distance from the bar-crests, aud is comparatively stationary, while 
G is a moving mass of supposed nearly uniform thickness. The rela¬ 
tions between E and F explain why it is that mud-lump ridges and peaks 
become flatter aud less in height as they are more and more distant from 
their bar-crests. The pressure transmitted through C', C O, &c., causes 
the most apparent and rapid changes along the line of least resistance, 
which is evidently a line just outside the bar-crests. 

The part this formation plays in the formation of bar proper is an im¬ 
portant one. I have called the formation the nucleus of bar formation. 
It presents a stubborn though slowly retreating barrier to the formation, 
by the river-current or by artificial means, of a deep channel through 
the bars it guards. Its corrugations catch aud retain in place the heav¬ 
iest deposits brought by the river to its bars, aud its gradual upheaval 
and gulfward advance is apparently beyond coutrol. Channels have 
been dredged through it, but experience has shown that to maintain 
them the labor must be as.uuiutermitting as the action of the natural 
forces contended against. It is apparently the conservative element of 
bar-proper formation, since, wherever found active, the bar is distin¬ 
guished by the steep outer slope ; by a nearly uniform anuual advance 
and a nearly equal normal depth of channel for all stages of the river. 
Such bars are never subject to rapid alteration in shape or depth of 
channel from the violent action of storms, and when artificially dis¬ 
turbed, within a wonderfully short period all evidence of such disturb¬ 
ance is obliterated. 

It is different with the bars of decayed passes and with those far ad¬ 
vanced in decadence. With these the mud-lump formation has disap¬ 
peared, though lying dormant beneath them. 

The causes which, in the prime of these passes, brought it to the sur¬ 
face have long been in equilibrium. The bar proper, with its steep Gulf 
slope, has in consequence been lost in the gradual building up of bar 
formation and replaced by the long, gentle slope that characterizes this. 
The Atchafalaya, the Lafourche, and the Jump, w hich are yet very con¬ 
siderable passes, present examples. 

The Southwest Pass is evidently in the earlier stages of decadence, 
judging from the shoaling at its head, the decreasing rate of advance of 
its bar, and the rapid building up in the Gulf in front of it. 

The South Pass had far advanced toward decay; its mud-lumps had 
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become dormant but had not all disappeared; it remains to be seen if 
the new conditions imposed upon the pass do not bring them to life and 
renewed activity. 

The old Balize brauch of the Northeast Pass appears far advanced in 
decay, having but about 5 feet of water across its bar, and as it has 
been narrowing rapidly at its head. The Pass k POutre branch, on the 
contrary, for the past few years has presented an example of remarka¬ 
ble mud-lump activity, aud has, more nearly than any other pass, main¬ 
tained its mean annual rate of advance of bar proper. 

Subjects of investigation, other than those suggested by the above, 
have sufficient data collected for their consideration, but this has not yet 
been sufficiently studied. It seems, however, that they will bear out the 
following conclusions: 

1. That when the river is in flood, and the Carrollton gauge-reading 
about 9 feet or over, there is a broad, thick sheet of deposit, which 
makes in the bed of the river and passes during the lower stages, that 
is sloughed along the bottom and so carried over the bar-crests and 
dumped on the outer slope of the bars proper. 

2. That this movemeut ceases at or very near the point where the 
river-water commences rising upon the salt-water of the Gulf or at the 
so called “Dead Angle,” the existence and location of which have been 
clearly established by numerous observations made at various stages of 
the river. The attending phenomenon, a refluent current, has been ob¬ 
served, and where of considerable velocity it has been measured, as also 
the velocity of the river-current. It has been observed that even at a 
high stage of the river the moving mass on the bottom has been checked 
in its movement by a rising tide. 

3. Observation for amounts of material carried in suspension by the 
river-water, at various points in the river and its passes, on the crests 
and inner and outer slopes of the bars, and at various stages of the 
river, does not disclose any relation between velocity of current depth and 
width of cross-section and the amount carried. The assumption that 
this amount is directly proportioned to the velocity of current modified 
by depth is evidently an error. As nothing but assertion has yet been 
presented in its support it is perhaps not worth noticing. 

4. Observations for a littoral current show conclusively that what has 
been mistaken for such are currents mainly if not wholly due to the 
winds. Their direction changes with the wind, as also does the direc¬ 
tion of the river’s discharge, thus causing a nearly uniform deposit over 
the whole face of the delta. 

The assumption that these variable currents in being transmitted 
through and underneath the river-discharge cause scour of bottom has 
lately been added to the other assumption of a littoral current, with its 
elsewhere-observed effects. Measurement over an area of 51 acres 
directly in front of the works at South Pass has been cited in evidence 
of this scour. 

The fact that the works at South Pass raise the surface of the water 
at their head indicates another, namely, that when the water is allowed 
to spread at their outer ends, some of the phenomena attending cre¬ 
vasses should be observed, and the most important of these is the vertical 
eddy by which a series of deep basins is made in and beyond the throat 
of the crevasse, with shoals beyond them. 

The work is located in the collection-district of New Orleans, and near the light¬ 
house at Southwest Pass. It is not susceptible of permanent completion. 


Whole amount appropriated.$1,327,224 38 

Whole amount expended. 1,310,539 63 
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Money statement. 


July 1, I £76, amount available. $22.894 04 

Amount appropriated by act approved August 14, 1876. 100, COO 00 


122,894 04 

July l t 1877, amount expended during fiscal year.$106,209 49 

July 1 T 1877, onistanding liabilities. 5,923 77 

- 112,133 26 


July l t 1877, amount available. 10,760 78 

Amount that cun be profitably expended in fiscal year ending June 30,1879. $150,000 00 

ABSTRACT OF DISHUR8EMENT8 FOR IMPROVING MOUTH OF MISSISSIPPI RIVER FOR THE 
FISCAL YEAR ENDING JUNE 30, 1877. 


Board.. $13186 

Barge „. 1,769 90 

Crescent City .. 666 34 

Enil-dock stow..... 1,521 62 

Essay tin a, machinery. 5,858 42 

Essay oils, deck........ 3,440 27 

Launch,.,....... 755 34 

Material . 5,007 4' 

NcAtaster, machinery. 11,052 99 

McAlester, deck. 1,862 10 

Medicines...,.. 5115 

Provisions...... 9,16125 

Rent. 1,31100 

Service ..*.. 44 ,753 16 

Stationery .. 399 56 

Telegrams .. 444 37 

Transportation. • 3,578 93 

Coni . 14,443 75 


Total.*. 106,209 49 
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•About. t These detentions were caused by a very strong easterly current and strong west winds, which drove the vessels to the eastward of the channel. 
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J 2. 

IMPROVEMENT OF ENTRANCE TO GALVESTON HARBOR, TEXAS. 

This work has progressed during the year under very unfavorable cir¬ 
cumstances, arising mainly from retention of the appropriation made for 
it. Because of this retention, early in July it was found necessary to 
suspend operations, and it was the middle of September before resump¬ 
tion was made possible, by release of a portion of the money appropri¬ 
ated for the year. Thus the most favorable season for construction was 
lost, our skilled labor scattered, and plant deteriorated. On resumption, 
it was thought best to coufine operations during those months unfavor 
able for construction (the winter and spring months) to the collection 
of material required on the work; to its conversion into the forms used 
in construction; to the procurement of labor-saving means for such con¬ 
version, and for the handling of material; to the repair, preservation, 
and improvement of the plaut provided for the construction parties; to 
the completion of buildings planned for quarters, workshops, and store¬ 
houses, with their out-buildings, cisterns, &c., and to the continuation 
of surveys. 

For information regarding the extent to which this project was car¬ 
ried, reference is made to appended extracts from the annual report of 
the officer in superintendence, and from the reports of his principal 
assistants referred to therein. Again, early in January, suspension was 
forced by lack of means to carry on the *work, and resumption made 
possible in February by release of the balance of appropriation. Since, 
the work has been carried on without such embarrassment. 

The continuance of work during the present year, with the unex¬ 
pended balance of last year, is being conducted so that should Congress 
make early appropriation for its further continuance another suspension 
may possibly be avoided. 

The well-known importance of attaining the object for which the work 
was designed; the fact that the work, so far as completed, has effected 
the changes at first claimed for it; and the further fact that property, 
roughly valued at $100,000, is on hand for its continuance, (enough 
to complete 8,000 feet of gabionade,) will no doubt warrant the early 
appropriation for the work of the amount hereinafter recommended. 

A detailed statement of the work in the manufacturing-yard at Boli¬ 
var Point will be found in the extract from the report of Overseer Will¬ 
iam Lane. 

The work for the improvement of the inner bar, after one tier of 
gabions was carried out to a depth of 23 feet, was suspended (except that 
lor repair of pile pier) to await the building up of the shoal on its Gulf 
side and the pushing out of the swash-channel about its outer end. 

The charts herewith show that the desired results are being obtained. 

The work for the improvement of the outer bar was not commenced 
until the middle of April. It has progressed slowly. Work during the 
balance of the preseut season will be mainly confined to it, as it appears 
unnecessary to further improve the inner-bar channel until an equal 
depth is provided across the outer bar. 

Some exact data on which to base estimate were obtained duriug the 
year, and are presented in the report of the officer in superintendence. 

The cost of all material on board scows, and ready to be towed to 
gabionade, may now be stated as follows: 


Digitized by LjOOQle 



APPENDIX J. 


447 


From exact data presented by tbe officer in superintendence, cost of material on 

scows, ready for construction, for 1 foot in length of gabionade, 6 feet high and 

6 feet wide, is.$8 47 

Add for the following items not given, viz: 

Dead-oil in tops, percentage for overseer, foreman, and cooks. 45 

Total. 8 92 

This cost of manufacture exceeds my origiual estimate based on the 
experimental work at Fort Saiut Philip. It greatly exceeds the cost of 
manufacture as furnished me for presentation in my annual report for 
1875, and on which I based a revised estimate for the whole work, yet 
for reasons which may hereafter appear I shall not submit a new esti¬ 
mate. 

When the original estimate was made, as the work was novel in every 
feature except that of general plan, the only foundation for estimate was 
that given by the results of experimental manufacture of gabions at 
Fort Saint Philip; a knowledge of the value of material and labor, and 
ten months 7 observation of the conditions presented at the entrance to 
Galveston Harbor, and due to the winds, waves, and tidal currents which 
govern the work of construction. The officer in superintendence up to 
May, 1876, made many changes in construction, approved by me, which 
enabled him to report a cost less than my original estimate. On the 
strength of this I reduced estimate. 

In the mean time certain questions relating to the work were referred 
to the Board of Engineers detailed to consider the original project, and 
it was suggested (suggestion not embodied in report) that the gabions 
should be made stronger, the*methods to be left to the discretion of the 
engineer in charge. It was also recommended that mats be placed under¬ 
neath, at the sides, and in front of the gabionade to prevent settlement 
and scour in advance. 

Compliance with these recommendations has increased the cost of 
9 manufacture, but, at the same time, while the additions made to the 
# gabions themselves have perhaps unnecessarily added to their strength, 
the saving in settlement from use of matshas been such as to make two 
rows of gabions, and in places oue row, answer the same purpose as the 
several rows provided for in the original design. 

This is a partial offset to increased cost of manufacture. It now ap¬ 
pears probable, judging from effects produced by the inner-bar work, 
that the Bolivar gabionade need not be carried out so far as the outer- 
bar crest to produce every desirable result—perhaps a gabionade or 
3 miles in length will answer, and for this we have provided for about 
8,000 feet. 

Tbe cost of construction must vary considerably from year to year; 
no good approximation can be offered. All things considered, I think 
it best to hold to my last estimate. 

I beg leave to again respectfully represent in official report that I am 
convinced, from such experience as I have had, that if any work of river 
or harbor improvement is worth undertaking it should be provided for 
by adequate and timely appropriation. This work of which I report is 
no doubt one of importance, and to enable the engineer intrusted with 
its conduct to carry out his approved plans with the greatest credit to 
himself and the least cost to the United States it is no doubt desirable, 
at least so long as the work is continued at the expense of the United 
States, to have it conducted in the most economical manner. 

This cannot be done so long as the recommendations of the engineer 
in charge, as to amount of appropriation for each year, are partly dis¬ 
regarded and appropriation based less on these recommendations than ou 
considerations foreign to the work. 






448 


REPORT OF THE CHIEF OF ENGINEERS. 


The recommendation thisyear is that the balanceof estimate, $207,740, 
be appropriated for the work. This amount is more than will be re¬ 
quired for the present fiscal year. It will be enough to provide for con¬ 
duct of the work during the next fiscal year. 

It cannot safely be said that it will be enough to complete the work, 
but, by having it available so that suspensions may be avoided, it will 
come nearer effecting completion than if appropriated in driblets. 

When my last annual report was written it was thought that the work 
might be let out at contract. It was thought that as an experiment it 
had progressed far enough to furnish reliable contractors with data for 
making intelligent bids. 

Withholding of appropriation made it necessary to continue the work 
by day’s labor and purchase iu open market, as the means for this were 
placed at command. 

From the experience gained during the past year, I now think it ad¬ 
visable to recommend that the work of manufacture be continued as 
heretofore, inasmuch as at least a three months’ supply must be always 
kept, for the purpose of fully seasoning, in advance of construction, and 
as the increased exposure of the gabionade as it progresses toward the 
crest of the outer bar may necessitate addition, to secure desirable 
strength, the character and cost of which addition can only be ascer¬ 
tained after they are found necessary, and inasmuch as it would be a 
difficult matter to provide in specifications for possibilities in such ex¬ 
act terms as to prevent claim for extra labor and expense on the part of 
contractors. 

I think there is a greater certainty of having this branch of the work 
well done under the present system (and as cheaply done) thau if con¬ 
tracted for. It is different with the work of construction; this can be 
covered by exact specifications, and the contractor left to battle with 
all the conditions adverse to construction in his own way, at his own 
risk, and with such plant as the work now offers for this purpose^ 
together with such other as he may see fit to add at his own expense. 

Should Congress make further and adequate appropriation, and this 
be made available, I will make recommendation as suggested above. 

The collector of the port of Galveston has courteously furnished the 
following commercial statistics: 

At this port daring the year from Jnly 1,1276, to Jane 30,1877, there was coUected 
$94,575.46, and of this amount the duties on merchandise received in bond amounted 
to $2,185.76. 


Vessels. 

Entries. 

Clearances. 

No. j Tons. 

No. | Ton*. 

American, coast.__.. 

387 

51 

115 

406,993 
22,371 
77,015 

301 | 263,798 

46 2l,2M 

KM j 71,791 

American, foreign..... 

‘Foreign*............ . 


553 

506,379 

451 j 356,817 


Value of exports shipped to foreign countries daring the year ending December 31, 
1876, $14,877,141. 

The work is located in the collection-district of Galveston, and the nearest light-boose 
is that on Bolivar Point. 

Original estimate.$1,259,446 43 

Revised estimate. 559,740 00 

Whole amount appropriated. 352,000 00 

Whole amount expended. 307,935 47 
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Money statement. 


July l f 1876, amount available. $18,749 98 

Amount appropriated by act approved August 14, 1876. 142,000 00 

-$160,749 98 

July 1,1877, amount expended during fiscal year... 116,685 45 

July 1,1877, outstanding liabilities. 8,011 93 

- 124,697 38 


July 1, 1877, amount available 


36,052 60 


Amount (estimated) required for completion of existing project. 207,740 00 

Amount that cau be profitably expended in fiscal year ending June 30,1879 150,000 00 


EXTRACT FROM REPORT OF LIEUTENANT C. E. L. B. DAVIS, CORPS OF ENGINEERS. 

United States Engineer Office, 

Galveston , Texas , July 2, 1877. 

Sir: I have the honor to submit the following report of operations for improving 
the harbor of Galveston, Texas, for the year ending June 30, 1877. 

On July 10, 1876, 1 received telegraphic instructions from you to suspend work im¬ 
mediately, the balance of the appropriation being barely sufficient to pay outstanding 
indebtedness; to retain Messrs. Ripley and Talfor, assistant engineers, and such em¬ 
ployes as might be necessary to properly care for public property; also, to go to New 
Orleans, for consultation with you, as soon as the condition of the work would permit 
me to do so. 

Ou September 2, being at that time in New Orleans, I received orders from you to 
proceed to Galveston, Texas, and resume the superintendence of the work for improv¬ 
ing the harbor at that place. On the lltb of the same month you telegraphed me from 
Washington to go ahead with the work. 

I put on a force of 72 men, and resumed the manufacture of gabions and the collec¬ 
tion of material for «he construction of the gabionade; also the construction of new 
buildings for office, draugbting-room, and qnarters of the assistant engineers. 

Everything was progressing favorably up to January 8, 1877, when, in obedience to 
verbal instructions from you, I commenced reducing the force of men very materially, 
and the remainder of the month was passed in completing the partially constructed 
gabions. 

From the 5th to the 12th of January, as the sand-dredge had just been completed, a 
commencement at sinking gabions was made. During that time 7 gabions were placed 
in position in the gabionade at Fort Point. (See special report, dated Jauuary 20, 
1877.) 

On Januaiy 12 I received a copy of a letter addressed to yon from the Chief of En¬ 
gineers, stating that the Secretary of War had disapproved your application that the 
balance of the appropriation be made available by the first of February. I therefore 
deemed it best to suspend work, as the amount on band was insufficient to carry it on. 

During the month of January an unsuccessful attempt was made to repair the breaks 
in the outer end of the Fort Point breakwater, by fastening fascine mats vertically 
against the piling, spiking a piece across the top of the mat to the string-pieces of the 
piles and weighting the loose end of the mat with concrete-blocks, but the coustant 
swell caused by the race of the tides gradually tore the fastenings and the first storm 
destroyed the mats. 

On February 22 telegraphic instrnctions were received from you to resume work 
again, as the balance of the appropriation had been made available. Work was at 
once resumed and a large force of men employed, and since that time the work has 
been pushed forward as rapidly as possible. 

repair of breakwater at fort toint. 

The palmetto piles, ordered from Pensacola by sail, were a long time delayed by 
adverse winds, so that repairs on the breakwater were not commenced until March, 
1877. At first tho sand-dredge was used for pumping down the piles, bnt on the 27th 
of the month a 2-inch Blake pump was received from you, and since that time has been 
constantly at work. 

Much delay was caused by onr meeting with many obstructions, such as the stumps 
of old piles, bags of concrete, etc., which all had to be removed to make room for the 
new piling. 

A layer of finely-compacted shells, the cementing material being very dark, and re¬ 
sembling asphalt, was met with, which was quite a serious obstruction. 

It lay about 5 feet below the snrface of the sand, was 2 feet in thickness, and ex¬ 
tended a distance of 75 feet along the breakwater, and was very difficult to penetrate 

WithaP 29 , i tt ° Pile ' 
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The piles varied in length from 18 to 24 feet, the former being put down at the in¬ 
ner end in about 4 feet of water, and the length gradually increased as deeper water 
was reached. 

The beads of the piles were secured between two waling-pieces, the outside of 4"x8" 
lumber, and the inside2"x6", the latter being added for the reason that the palmetto 
is too soft to give a good bearing-surface for the nuts and washers of the iron bolts. 

Just above Tow-water is another piece of 4"x8". 

Every 8 or 10 feet caps of 4"x8" are spiked to cap-piles. 

Up to Jnno 30, 1877, 868 feet of the breakwater was completed, 624 feet being en¬ 
tirely new. 

There were used in this work of repair during the year endiog June 30,1877, 786 
palmetto piles, 1,600 f-inch iron bolts, 6,700 feet (board-measure) of lumber, 135 bands 
of coal, and 115 barrels of fresh water. 

GABIONADE AT FORT I*OINT. 

In this gabionade 81 gabions were sunk in all, including tbe 7 sunk in January. 
Under 36 gabions were placed &XV2' mats, and under 38 gabions mats l^xl*?* 
these mats being made of fascines. The 7 put down in Janaary had nnder them the 
light cane mats used by Lieutenant Quinn. 

Thirty-four SVxlB', and 54 6'Xl2' wing-mats were put down on the channel side; 
these wing-mats being securely fastened to the mats under the gabions by galvanized 
iron wire, and weighted with concrete blocks and sand-bags. These mats were put in 
position by a diver. 

The gabions were placed in position between a double row of guide-piling, 144 piles 
being driven for that purpose. Eight hundred and seventeen concrete blocks and 166 
saudbags were used in the construction of this gabionade. 

The weather was very unfavorable for working the greater part of the time. The 
pilots report that tbe inner bar has been remarkably rough during the entire spring 
and early summer. Between April 4 and June 20 there were 34$ days in which it was 
impossible to do any work whatever. Owing to the nature of the bottom, difficulty 
was experienced in filling the gabions with the sand-dredge. In several case* it took 
from 2 to 3 hours to fill 1 gabion. 

The last 2 gabions placed at Fort Point, in about 23 feet of water, had to be filled 
by shoveling sand from the deck of a barge, as the bottom was a dark blue clay, 
which could not be raised by tbe pump. The sand was shoveled into a hopper lead¬ 
ing into tbe gabion filling-hole, 5 men shoveling and 1 playing an inch and a half 
stream of water to keep the chute from choking. It took about 3 hours to fill these 2 
gabions. 

The gabions have been located by Mr. Ripley and partly from time to time, and a 
tracing appended herewith and marked “A” shows the plan and elevation of this 
gabionade, and when possible tbe lateral inclinations of tbe gabions. The total length 
constructed during the year was 1,000 feet. 

BOLIVAR POINT GABIONADE. 

On April 14 a commencement was made on the sheet-piling of this work, which wai 
to run out to water deep enough to sink gabions. 

It consisted of a double row of pine piling, properly capped and braced with 3-inch 
sheet-piling on the seaside. It was ron out a distance of 513 feet, and up to the 30th 
of June 393 feet of the sheet-piling had been driven. 

On tbe 21st of June I commenced potting gabions dowa in 6 feet of water, at mean 
high tide, on the continuation of the line of piling. 

On June 30 14 gabions had been placed in position and filled, making a total 
length of 172 feet. These gabions were sunk on the bottom without mats, in order to 
allow them to settle. They have settled about 19 inches thus far, and have settled 
quite evenly. 

The gabions were filled by barrows from tbe shore, run out on plank laid on the 
piling of the breakwater and the guide-piles of the gabions, as tbe bottom was muddy, 
with only a thin crust of sand on top. The accompanying tracing marked " B” shows 
the sheet-piling, piling, and gabions at Bolivar Point on the 30th of June. 

The only accident of note that occurred during the season was the lose at Fort Point 
on June 9,1877, of 10 gabions with'their trucks, owing to the gabion-barge getting 
into the trough of a heavy sea while lying at anchor in Galveston Channel, and swing¬ 
ing around to a sadden change of a high wind. Subsequently 7 of the tracks were 
recovered. 

CONSTRUCTION-GROUND AT BOLIVAR. 

At the coustruction-gFounds at Bolivar there were built during the year— 

One two-story building, 30 feet by 25 feet, officers’ quarters. 

One two-story building, 30 feet by 25 feet, officers’ quarters. 

One two-story building, 13 feet by 20 feet, kitchen. 
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Ooe one-and-a-half-story building, 15 feet by 40 feet, storehouse. 

One one-and-a-half-story building., 30 feet by 60 feet, machine-shop. 

One one-story building, 12 feet by 12 feet, store-house. 

One one-story building, 10 feet by 10 feet, temporary toel-house at Bolivar Point 
gabionade. 

One tide-gauge house for self-recording tide-gauge and anemometer. 

Three pile-drivers, 4 cisterns, 1 carboiizing-tank, 12 feet 6 inches by 6 feet 4 inches 
and 6 feet deep. , 

The following statement shows the number of gabions completed during the year: 

Gabions on works (completed) September 13, 1876 . 243 

Gabions constructed up to date, June 30, 1877. 543 

Total. 786 

Gabions placed in Fort Point gabionade. 81 

705 

Gabions placed in Bolivar Point gabionade. 14 

691 

Gabions washed off scow and lost (June 9, 1877). 10 

Gabions on works completed June 30,1877 . 681 

MATERIAL IN 10 GABIONS. 

Yellow-pine lumber, 3,253 feet 4 inches, at $18.$58 56 

Iron bolts, 205 pounds, at 2f cents. 5 64 

Nuts aud washers, 8$ pounds, at 7$ cents. 64 

Nails, assorted, 107$ pounds, at 0.34 cents. 3 65 

Bundles cane, 450, at 35 ceuts per 100. 78 75 

Cement, 48 barrels, at $1.65.:. 79 20 

Sand, 121 barrels, at 9 cents per cubic foot. 43 56 

Brick, 54 barrels, at 9 cents. 19 44 

Gravel, 27 barrels, at 9 cents. 9 72 

Galvanized-irou wire, 17 pounds, at 8 cents. 1 36 

Stakes, pine, 7 feet long, 400, at 3 cents. 12 00 


, 312 52 

MATERIAL IN 10 MATS. 

House-line, 30 pounds, at 18 cents. 5 40 

Nails, 2$ pounds, at 0.34 cents..... 85 

Galvanized-iron wire, 21^ pounds, at 8 cents. 2 13 

Bandies of cane, 330, at 35 cents per 100. 57 75 

Marline, 18f pounds, at 18 cents.».. 3 37 


69 50 

MATERIAL IN 10 CONCRETE BLOCKS. 

Cement, £ barrel, at $1.65. 1 38 

Sand, If barrels, at 9 cents. 15 

Gravel, 5 barrels, at 9 cents. 45 


1 98 

MATERIAL IN FASCINES FOR 10 GABIONS. 

Cane, 40 bundles, at 35 cents per 100.. 7 00 

Marline, 10 pounds, at 18 cents. 1 SO 


8 80 

LABOR ON THE ABOVE MATERIAL. 

Carpenters’ time on 10 gabions, 120 hours, at 25 cents. 30 00 

Wafctlers’ time on 10 gabions, 150 hours, at 15$ cents. 23 25 

Plasterers’ time on 10 gabions, 98 hours, at 15$ cents. 15 19 

Laborers’ time on 10 gabions, 273 hours, at 11$ cents. 31 40 

8awing 400 stakes, 9 hours, at 11$ cents. 1 04 

Sharpening 400 stakes, 27 hours, at 11$ cents.. • 3 11 
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Staking 10 bottoms, 6^ hours, at 15} cents. $1 04 

Trimming cane, 60 hours, at 11} cents. 6 90 

Loading gabions on cars and scow, 87 hours, at 11} cents. 10 01 

Loading mats aud concrete blocks, 78 hours, at 11} cents. 897 

Making fascines for 10 mats, 275 hours, at 11} cents. 31 63 

Making 10 mats, 64} hours, at 11} cents. 7 42 

Total. 169 96 

Add 90 days’ board, at 42 cents. 37 80 

Total. 207 76 


• •••••• 

I transmit herewith the report of Assistant Engineer H. C. Ripley of the survey-work 
done curing the year ending June 30, 1877. I also forward tracings marked “A ” and 
“ B, M referred to in the body of the report; one marked “ C,” showing the positions of 
both gabionades, and a tabular statement showing amount of work done during the 


A r ery respectfully, your obedient servant, 

Chas. E. L. B. Davis, 
First Lieutenant of Engineer #. 

Capt. C. W. Howkll, 

Corps of Engineers, U. S, A. 


RETORT OF MR. H. C. RIPLEY, ASSISTANT ENGINEER. 


Galveston, Texas, July 4, 1877. 

Dear Sir: 1 have the honor to submit the following report of surveys connected 
with Galveston Harbor improvement for the year ending Jnne 30, 1877: 

The hydrographic work has been mostly confined to surveys of the inner bar. The 
monthly surveys wore omitted for July, August, Janua<y, and February, on account of 
suspension of work, and for October on account of absence at Sabine Pass. 

The following table shows the greatest depth that could be carried across the inner 
bar at the time of each monthly survey. 


DEPTH ON INNER BAR AT MEAN LOW TIDE. 

Time of survey. Depth In feet 

September, 1876... x . 15} 

November, 1876.At. 16} 

December, 1876. 16 

March, 1877 . 16} 

April, 1877. 16} 

May 1877 .1.*..1. 16} 


% 

The purvey for June has been made, bat the work is not yet plotted. 

It will be observed that very little change has occurred on the inner bar, and that a 
constant depth of lftf feet or more has been maintained throughout the entire year, 
the survey for June, 1876, having shown a depth of 16} feet. 

GABIONADE. 


The positions of the gabions of the Fort Point gabionade have been located from 
time to time as the work progressed. A tracing herewith accompanying shows a plan 
and elevation of the gabionade and also the lateral inclination of the gabions where 
the water was not too deep to prevent its determination. 

The total length constructed during the year is 1,000 feet, and the number of gabions 
80. Between the 6th and 30th gabions Mr. Hanlon’s count shows one more gabion put 
down than I have located. Such being the case, it must have drifted out of line and 
been replaced by another, for there is not room for more than are shown ; and these 
were located at each end so that it would be hardly possible to miss one without mak¬ 
ing the discovery when the work was plotted. 

The Bolivar Point gabionade and sheet-pile jetty have been located and are shown 
on the tracing accompanying. 

The length of sheet-piling completed is 393 feet. 

The length of auxiliary piling with cross-ties is 513 feet. The total length of gabion¬ 
ade is 172 feet, containing 14 gabions. 

The gabions are so nearly level, and having been recently put down and not yet settled, 
I did not attempt to show their inclinations, and, not yet having the mean low water 
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of the gange at that point established, I could not show their depth from the water- 
surface, but their tops are not much, if any, below the water-surface of mean low 
tide. 

At the time of the commencement of work on the Bolivar sheet-pile jetty, soundings 
were taken on the line of the proposed gabionade, so that this profile compared with 
a^y future one on the same liue will show exactly what change has taken place. 

TIDE-GAUGES. 

A record of the hourly readings of the tide-gauge at the wharf, Bolivar Point, has 
been kept during continuance of the work. Tide-gauges have also been kept at Gal¬ 
veston, Fort Point, and Bolivar Point jetty when necessary for the reduction of sound¬ 
ings. 

The self-registering tide-gauge and anemometer are in satisfactory operation. The^ 
gauge has been working for three months past and the anemometer for the past 
month. 

I have been assisted during the year by Mr. R. B. Talfor, assistant engineer. The 
monthly survey of the inner bar for September was made by Mr. Talfor during my 
absence. 

Very respectfully, your obedient servant, 

H. C. Ripley, 
Assistant Engineer . 

Lieut. C. E. L. B. Davis, 

Corps of Engineers , U. S. A. 


Extract from report of Mr, William Lane , overseer . 

CONSTRUCTION OF BUILDINGS. 

Constructed one two-story building, 30' by 25'; officers’quarters. One two-story 
building, 30' by 25’; officers’ quarters. One two-story building, 13' by 20'; kitchen. One 
one-and-one-half-story building, 15' by 40'; store-house. One one-and-one-half-story 
building, 30' by eo*; machine-shop. One one-story building, 12' by 12'; store-house to 
new quarters. Two oue-story temporary tool-houses, 10' by 10', at Bolivar Point break¬ 
water. One tide gauge-house at Bolivar Point. Four cisterns. One dead-oil vat, 12' 
6" by 6' 4" wide, and 6' deep. One book-case for office. One desk for office; 1 wash- 
stand. One shelf and 1 table for new quarters, and 4 benches for mess- room.]^Three 
pile-drivers and 1 refrigerator. 

CONSTRUCTION OF GABIONS. 

323 gabiongbottoms made. 

471 gabion*ops made. 

960 gabiou-frames made. 

467 gabion-bottoms staked. 

495$ gabions wattled. 

469 gabions ballasted. 

531 gabions plastered inside. 

490 gabions tirst-coated outside. 

543 gabions secoud-coated outside. 

826 gabion-bolts made. 

396 gabion-tops carbolized. 

398 gabion-tops nailed on. 

6 gabion-bottoms carbolized. 

273 gabion-tops coated with plaster. 

543 gabions completed from September 13, 1876, up to June 30, 1877. 

43,820 bundles caue trimmed. 

1,786 batches mortar made. 

462 batches ballast made. 

10,072 fascines made for mats. 

2,133 concrete blocks made. 

199 mats made, 6' by 12', (of fascines.) 

102 mats made, 9' by 12', (of fascines.) 

171 mats made, 12' by 12', (of fascines.) 

148 batches concrete made for blocks. 

208 sand-bags made at Bolivar Point. 

88 gabions were stripped of frosted plaster and renewed. 

1 catamaran made for gabionade. 

470 sheet-piling were pointed. * 

849 palmetto piles pointed and butted. 
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145 pine piles pointed and butted. 

*6, 593 cubic feet of brick broken for concrete. 

544$ feet of tin gutter made and put up on buildings. 

337$ feet of tin conductor made and put up on buildings. 

355 bolts were made for tng. 

2 tide-gauge boards made. 

1 sounding-pole made. 

1 galvanized-iron pump made for well. 

2 pumps made for scows. 

46 iron boxes were made for cars. 

4 brass boxes were make for cars. 

2,258 barrels of cement used in constructing gabions. 

5,698 barrels of sand used in constructing gabions. 

756 barrels of gravel used in constructing' gabions. 

1,870 barrels of br'ck used in constracting gabions. 

148 barrels cement > 

298 barrels sand > used in making concrete blocks. 

888 barrels gravel ) 

Construction of gabionade at Fort Point. 

’ 81 gabions placed in gabionade. 

180 guide-piles were driven in gabionade. 

110 mats, 12' by 12% placed in gabionade. 

20 mats, 9' by 12', placed in gabionade. 

31 mats, 6' by 12', placed in gabionade. 

113 sand-bags, 45 fascines, 906 concrete blocks. 

972 linear feet of gabionade completed. 

Construction of gabionade at Bolivar Point. 

14 gabions placed in gabionade. 

22 guide-piles driven at gabionade. 

168 linear feet of gabionade completed. 

Construction of breakwater at Bolivar Point . 

238 pine piles driven, 366 sheet-piling driven. 

515 linear feet of piling completed. 

315 linear feet of sheet-piling completed. 

REPAIRS OF BREAKWATER AT FORT POINT. 

823 palmetto piles were driven. 

6 mats were sunk in repairing breakwater. 

34 coucrete blocks used for weighting mats, 118 gabions, 77 mats 12' by 12 7 , 58 mats 6' 
by 12 # , 78 mats 9' by 12', 319 pine piles, 1016 concrete blocks, 132 fascines, 940 pal¬ 
metto piles, 50 bags filled with saud, 272 barrels of coal, 1 cord of fire-wood, and 
25 pieces of yellow-pine lumber, were loaded on scows and towed by tng to gabi¬ 
onades and breakwater. 

Forty-four thousand six hundred and seventy-five feet, b. m., of yellow-pine lum¬ 
ber, 28,600 shingles, 7,000 hard brick, 1,100 barrels cement, 100 barrels dead-oil, 1 
barrel coal-tar, 1 barrel lard-oil, 1 barrel lnbricating-oil, 356 palmetto piles, 6,500 laths, 
2 bales oakum, 521 pounds sheathing-paper, 265$$ tons eoal, 426 pounds galvanized 
sheet-iron, 4,954 feet, b. m., cypress, 2,011 pounds ronnd iron, 1,055 feet of ceiling, and 
2,998 feet of dressed flooring were loaded on scows at oity, towed by tag to works 
at Bolivar Point, and unloaded. 

Seven hundred and fifty-four pine piles, 13,827 pine stakes, 472,560 feet, b. to., of 
yellow-pine lumber, 2,198 feet of cypress, 30,700 shingles, 6,000 laths, 2,624 pounds 
of tramway-iron, 4,265 pounds of round iron, 1,399,700 oane, 1,184 palmetto piles, 2,810 
barrels of cerneut, and 21$ cords of wood were unloaded from vessels, hauled up, stored, 
and piled on works. 

Nine thousand one hundred and ninety-three and five sixths oubic feet of gmvel, 
9,925$ cubic feet of brick-bats, 22,570 bard brick, and 7,382$ cubic feet of sand were 
hauled np from wharf and stored on works. 

Eight thousand eight hundred pounds nails, 30 barrels cement, 1 barrel dead-oil, 
625 met of lumber, 5,753 pounds of iron, 10,000 shingles, 1,330 feet of dressed lumber, 
and 1,003 pounds of galvanized iron were loaded on tug at city, transported to works, 
unloaded, hauled up, and stored on work$. 
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REPAIRS OF BOATS. 

Tug . 

Hauled ont on ways, overhanled, and cleaned boiler, calked crack in front of fire-box 
between rivet and lap, took down bonnet of steam-chest, and repaired steam-valve. 
Pat 2 new planks in bottom, made new rudder-stop, refastened rudder-blade, ^nailed 
0 sheets yellow metal on bottom, took down bulkhead, put down floor in lower engine- 
room, set graving-pieces in keelson, made new oak shoe, one fore and aft beam, 18 
feet long. Put in new bulkhead between galley and boiler-room, put piece of oak 
in stern, pnt 3 pieces oak in guards, put 2 new pieces deck-plank in, put new oak 
knee in arch aft, over propeller, put in new floors to bunkers, made and fitted pil¬ 
low-blocks to condenser, fitted side-sheets to ash-pan of boiler, put in floor under con¬ 
denser, fitted shaft of propeller, fitted main journal brasses, put in new pump, put in 
condenser and connections, connected up donkey-pipes to condenser and surplus-feed 
And exhaust to donkey-pump; packed circulating pump. 

Launch. 

Hanled out on ways, ground in cylinder of steam-chest, packed engine, and general 
•cleaning of machinery, put up pump lead, stand for beater, put in uew beam, put in 
new bulkhead, put in 2 pieces boiler-bed, put in supply-pipe strainer on outside, fitted 
up pony pump and heater, constructed new boiler, painted same, old boiler taken out, 
new one put in, connected pipe with machinery, painted hull inside and out, fitted 
iron braces from boiler to saddles, braced fire do6rs, &c., connected up feed-pipe, re¬ 
paired steering-wheel, put soapstone lining in back connection of boiler, covered boiler 
with wool-back felting and sheet-lead, 1 galvauized iron fender made. 

Diver's flat . 

Hauled out, bottom calked and tarred. 

Sand-dredge . 

r Hauled ont, calked, papered, sheathed, and tarred the bottom, repaired rudder; ma¬ 
chinist overhauled and cleaned machinery; calked and painted decks, put in 4 angle- 
knees, cut in chocks to partner of derrick and samson-post, repaired boiler, one iron 
Jacket and umbrella made, and put on smoke-stack with 2 iron plates. 

Yawl-boats . 

One painted inside and out, bottom repaired and calked all over, 6 new timbers put 
in, 2 pieces plank pnt in, 1 new seat put in, recalked, 2 stiffening-bolts put in and 
painted, 8 new timbers put in, new keel put iu, 2 new cross-pieces, 13 timbers, 6 new 
planks put in bottoms, 17 new timbers put in, calked bottoms, coppered stern, and put 
in 4 new sets of timbers. 

Baiye No. 1. 

Hanled out on wavs and undergoing repairs. 

******* 


(EXTRACT FROM LETTER OF LIEUTENANT C. E. L. B. DAVIS, CORPS OF ENGINEERS, 

DATED JULY 10, 1877. 

* * * * * * * 

I have the honor to transmit herewith the regular monthly chart of the inner bar 
of Galveston Harbor for the month of June, 1877. 

A comparison of this chart with the last shows the effect of the Fort Point ga¬ 
bionade quite plainly. The 12-foot contour line has moved outward gbont 200 feet, 
while the 18-foot contour has advanced abont 150 feet. This effect appears to be still 
going on, and 1 think this month’s chart will show a still greater change. 


J 3. 


•CONTINUATION OF THE WORK ON THE SHIP-CHANNEL IN GALVESTON 
BAY BETWEEN RED-FISH BAR AND MORGAN’S POINT. 


The last appropriation for this work, $72,000 in amount, was made 
available April 25,1877, bnt as the exact location of channel has not 
been determined upon, (see my report on survey for ship-channel, &c.,) 


Digitized by 


Google 



456 


REPORT OF THE CHIEF OF ENGINEERS. 


no work was undertaken daring the year. As soon as the question of 
location is decided it is proposed to offer the work at contract in the 
usual manner. 

The following project was submitted under date of May 21, 1877, in 
response to order of the Chief of Engineers, Uuited States Army: 

• * • • # * * 


It is proposed to expend tbe appropriation, nnder contract, for dredging a channel 
12 feet in depth at mean low tide and 100 feet in width at bottom along each line as 
may be selected by the Chief of Engineers. If the line direct from Red-Fish-Bar Chan¬ 
nel to Morgan’s Canal be adopted, then tbe dredging to be commenced at the upper end 
of the channel and continued toward Red-Fish Bar until the appropriation is exhausted, 
the reason being that this portion of tbe line lies through the shoalest portion of the 
bay. 

In case a line to the month of the San Jacinto River be selected, then it is proposed 
to commence the work by excavating a chanuel through Clop per s Bar and protecting 
it by piling, as set forth in my report of survey just forwarded, and as laid down on 
the chart accompanying it. This work to be done by contract. It is proposed to 
request bids— 

1. For removal of material dredged to a distance from the channel, in scows. 

2. For placing material on the side of cut, and at a distance from it of not less than 
60 feet. Alt measurements to be made in cut, aud no allowance for depths greater than 
12 feet or width at bottom greater than 100 feet. 

It is desirable to begin the work as soon as possible, as the most favorable season for 
work of this kind is passing away. 

Very respectfully, your obedient servant, , 

C. W. Howell, 

Captain of Engineers. 


As shown in my report of survey, the cost of a chaunel from Red- 
Fish Bar to the cut through Morgan’s Poiut would be less than the cost 
of one to connect with the San Jacinto River, and crossing the bar at 
its mouth. Yet if this Morgan’s Point cut had not been made, the 
other route would have been the cheaper, and perhaps the more desir¬ 
able. The objection to making the channel terminate at the Morgan 
Point cut is that this cut is private property, and tolls are charged for 
its use. This objectiou is one of such importance that the Hon. Secre¬ 
tary of War has decided to leave the question it presents to the decision 
pf Congress, as shown by tbe following letter from the Chief of Engi¬ 
neers : 

Office of the Chief of Engineers, 

Washington, D . C., June 12, 1877. 

Sir : Your letters of the 21st ultimo, one submitting a project for the expenditure of 
the appropriation of $72,000, made by the river and harbor act of August 14,1876, “For 
the continuing of tbe work on the ship-channel in Galveston Bay,” &c., “to be ex¬ 
pended between Red-Fish Bar and Morgau’s Point, Texas; ” the other submitting report 
on the survey for a ship-channel through Galveston Bay, Texas, have been received. 

Your letters were submitted by the Chief of Engineers to the Secretary of War with 
a communication, which has been approved by him, and from which the following ex¬ 
tract is furnished for your information and guidance: 

“In the project now submitted by Captain Howell for tbe expenditure of the appro¬ 
priation of $72,000, he designates three lines upon which a dredgbd channel of 12 feet 
may be made. 

“But the expenditure of this appropriation upon any one of these lines will be to 
that extent an anticipation of the decision of Congress upon the results of the survey 
they have ordered to be made and reported to them. Besides, the act, in the section di¬ 
recting the survey, looks to a channel running out of the mouth of the river, instead 
of through Hie cut of Morgan’s Point, although tbe estimated cost Of the latter is nearly 
$200,000 less than tbe cost of ibe least expeusive of the other two. 

“ The question of tolls, however, is involved in using the Morgau’s Point canal-rente. 

“ It seems to me advisable, under these circumstances, to defer a decision upon which 
of these lines the appropriation for continuing tbe work ou the ship-cbaunel should be 
expended, until the final report upon the survey is made and the future action of Con¬ 
gress thereou is known. The most favorable season for work of this kind is uow pass¬ 
ing away.” 
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The expeuditare of the appropriation of $72,000 for continuing the work on the ship- 
channel in Galveston Bay, &c., will accordingly be deferred until further orders. 

By command of Brig. Gen. Humphreys. 

Very respectfully, your obedient servant, 

John G. Parke, 

Major of Engineers. 

Capt. C. W. Howell, 

Corps of Engineers. 

The question of location was the one which, I understand, was to be 
settled on the data to be furnished by this survey. 

This question I would recommend be referred to a Board of Engi¬ 
neers for settlement. 

The work is located in the collection-district of Galveston, near the light-honse on 
Red-Fish Bar, and cannot be considered as one of permanent character. 


Whole amount appropriated.-. $97,000 00 

Whole amount expended... 25,000 00 


Monet/ statement. 


Amount appropriated by act approved August 14, 1876.„. $72,000 00 

July 1,1877, amount available. 72,000 00 


Amount that can be profitably expended in fiscal year ending June 30,1879. 150,000 00 


LETTER OF THE CHIEF OF ENGINEERS. 


Office of the Chief of Engineers, 

Washington , D. C ., June 8, 1877. 

Sir : I beg leave to submit for your consideration the accompanying* 
project received from Captain Howell, Corps of Engineers, for the ex¬ 
penditure of the appropriation of $72,000 in the river and harbor act of 
August 14, 1876, 44 For continuing the work on the ship-channel in 
Galveston Bay, to be expended between Red Fish Bar and Morgan’s 
Point.” 

The same act (section 2) appropriates $10,000 for a survey for a ship- 
channel through Galveston Bay, 44 beginning at 12 feet water in the 
mouth of San Jacinto River, and running out of the mouth of that river 
east of Morgan’s Poiut to the present channel, through Red-Fish Bar,’ r 
&c. This survey is not quite completed, but its results are expected in 
time to be submitted to Congress with the next annual report of this 
office. 

The work on the ship-channel above alluded to is that done under 
the appropriation of $25,000, of March 3, 1875, which was completed, 
as far as the appropriation admitted, February, 1876. It connects 
depths of 9 and 8£ feet in the upper and lower bays, and, with the pri¬ 
vate work of improvement at Morgan’s Point, permits the passage of 
vessels of 9-foot draught to within a few miles of Houston. Tolls are 
charged by the proprietor for the passage of vessels through the cut 
at Morgan’s Poiut. 

The officer in charge recommended in his last annual report that fur¬ 
ther appropriation be applied to making a 12-foot channel id. extension 
of the above channel, and that its upper terminus be made at the cut 
through Morgan’s Point, instead of at the mouth of San Jacinto 
River. This recommendation was concurred in, at the time, by this 
office. 

In the project now submitted by Captain Howell for the expenditure 
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of the appropriation of $72,000, he designates three lines upon which a 
dredged channel of 12 feet may be made. Bat the expenditure of this 
appropriation upon any one of these lines will be to that extent an an¬ 
ticipation of the decision of Congress upon the results of the survey they 
have ordered to be made and reported to them. Besides, the act, in the 
section directing the survey, looks to a channel running out of the 
mouth of the river, instead of through the cut of Morgan’s Point, al¬ 
though the estimated cost of the latter is nearly $200,000 less than the 
cost of the least expensive of the other two. The question of tolls, 
however, is involved in usiug the Morgan’s Point canal-route. 

It seems to me advisable, under these circumstances, to defer a de¬ 
cision upon which of these lines the appropriation for continuing the 
work on the ship-channel should be expended, until the final report 
upon the survey is made and the future action of Congress thereon is 
known. The most favorable season for work of this kind is now passing 
away. 

I also transmit herewith a report from Captain Howell, dated May 
21,1877, showing the progress of the survey iu Galveston Bay, and a 
sketch, prepared in this office, of the locality, with the proposed lines 
of cut. 

Very respectfully, your obedient servant, 

A. A. Humphreys, 

Brig. Gen . and Chief of Engineers. 

Hon. Geo. W. McCrary, 

Secretary of War . 

[Indorsement.] 

Approved: 

June 9, 1877. Geo. W. McCrary, 

Secretary of War . 


J 4- 

SURVEY FOR A SHIP-CHANNEL THROUGH GALVESTON RAY, TEXAS. 

This survey was provided for by the following clause in the river and 
harbor bill passed by the 44th Congress of the United States during its 
second session: 

Sec. 2. That the Secretary of War is hereby directed to caose a survey for a ship- 
channel through Galveston Bay, beginning at twelve-feet water in the month of the 
San Jacinto River and running out of the mouth of said river east of Moigan’s Point 
to the present channel through Red-Fish Bar; thence through the same, extending 
through Galveston Harbor, passing west of Half-Moon Shoals and Pelican Island and 
to twelve-feet water in Galveston Channel; and to cause an estimate of the cost of 
the same to be made, and of the comparative merits of the same with the route to the 
head of Bolivar Channel, and of the effects of the completion of each of said channels on 
the Galveston Harbor as to shoaling or deepening the same, and report the same to Con¬ 
gress by the first day of December, eighteen hundred and seventy-six, the cost thereof 
not to exceed ten thousand dollars, to be paid out of the forty thousand dollars herein¬ 
after appropriated. # # # * * 

The survey of the upper bay having been completed in advance of 
that of the lower bay, and as an appropriation for the dredging of a 
ship-channel through this portion was available and its application 
dependent upon such recomipendatiou as the results of survey might 
suggest, the following preliminary report was forwarded under date of 
May 21, 1877 : 
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New Orleans, La., May 21,1877. 

General : I have the honor to forward herewith the report of J. A. Hayward, as¬ 
sistant engineer, charged with the primary triangnlation for survey for a ship-channel 
through Galvaston Bay, Texas, and with the hydrographic work in the upper bay. 
The work for the upper bay is plotted on two sheets, tracings of which accompany 
this report. 

Report is submitted at this time, without waiting for completion of the lower-bay 
work and index-chart, because of instructions contained in Engineer Department letter 
of April 25, 1877, calling for a project for expenditure of $72,000 appropriated by Con¬ 
gress in the river and harbor act of August 14,1876, “for the continuing of the work 
on the ship-channel in Galveston Bay,” the money to be expended between Red-Fish 
Bar and Morgan’s Point. 

On the charts presented three lines are laid down, and in the report of Mr. Hayward 
estimates are submitted for each for channel 12 feet in depth at mean low tide and of 
widths of 100 feet, 150 feet, and 200 feet. 

If decision as to choice of line to be adopted for the channel is to be based mainly 
on amount of excavation to be made, it is'evident that the line from Red-Fish Bar to 
the cut through Morgan’s Point is by far the most advantageous. 

The line “A I ” the uext, and the line “A D ” the least. (See Hayward’s report and 
charts.) 

Very respectfully, your obedient servant, 

C. W. Howell, 

Captain of Engineers. 

Brig. Gen. A. A. Humphreys, 

Chief of Engineers , D . S. J . 


REPORT OF MR. J. A. HAYWARD, ASSISTANT ENGINEER. 

Galveston, Texas, April 30, 1877. 

Sir : I have the honor to make the following report on that portion of “survey of 
ship-channel through Galveston Bay, Texas,” intrusted to my charge : 

******* 

The soundings are all reduced to mean low-water of the Gulf of Mexico, as indicated 
by the Bolivar Point gauge. 

* Tide-gauges were kept at Red-Fish light-house and in Morgan’s Canal at Morgan’s 
Point. The readings of these gauges for mean low-water were determined by a care¬ 
ful comparison with the readings of the Bolivar gauge of the high and low water of 
the same tides, and a mean of the general result taken in each case. When the appro¬ 
priation already made for this work is expended, I would suggest that this plane of 
reference be retained. For while the summer tides average about a foot above this 
plane, the winter tides are often from one-half a foot to 1 foot below it for several days 
at a time. And this low-water occurs at the very time there is the greatest need of 
deep water, as by far the greatest portion of freight by this line is carried during the 
winter months, the season of low tides. 

Per your verbal instructions, the survey was extended to cover Morgan’s Cut, already 
made, and continuation of the same to Red-Fish Reef. This has enabled me fo show 
the exact condition of that work, and give some idea as to its probable permanence. 

It has also enabled me to show, as completely as possible, the respective merits of 
each of the proposed routes. 

The work has been plotted to a scale of one-ten thousandth, as shown on charts Nos. 
1 and 2. An index-chart to a scale of one-forty thousandth has also been made, show¬ 
ing all of the bay in question from 12 feet water in the San Jacinto River to 12 feet 
water in the Gulf of Mexico, and location of the various proposed lines. The follow¬ 
ing are the cuts proposed: 

From 12 feet water at A, San Jacinto Bay via the curve, as shown by the red line 
from that point to B, and thence via a straight line tangent to this curve to 12 feet 
water iu Bolivar Channel, shown at E, index-chart. This line I have estimated upon 
to the point D. 

A second proposed cut runs from A to B, and thence to H, at the head of the dredged 
channel through Red-Fish Reef; then tbrongh this channel, as shown on the index- 
chart. I have estimated this line to the point J in this cut. 

A third estimate has been made over the route as cut by Morgan from the point F 
to G through Morgan’s Point; thence from G to H, and then through the cut as before. 

The total estimated cost over each of these routes is as follows: 
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ROUTE FROM A TO D. 

Excavation in cubic yards for given base.—Slope 2 to l. 


•* 

12 feet deep. 

100 feet base, j 150 feet base. \ 200 feet base. 

1.458,432 cu¬ 
bic yards. 

2,108,100 cu- 1 
bic yards. 1 

2.761,896 cn- 
bic yards. 

Cost of excavation, at 25 cents per on bio yard. 

Pile-revetment from X to Y, 6,200 feet; piles 40 feet long; 
cost of material and driving, $3 each. 

Total. 

Add 5 per cent, for superintendence and contingencies 

Total estimated cost from A to D. 

|364,608 00 
18,840 00 

$527,0\ r > 00 
18,840 00 

$690,474 00 
18,640 00 

1 

383, 448 00 
19,172 40 

545.865 00 
27,293 25 

709,314 00 
35.465 70 

402,620 40 

573,158 25 

744,779 70 


ROUTE FROM A TO I. 

Excavation in cubic yards for given base. — Slope 2 to 1. 

| 

! 

. ! 

! 

12 feet deep. 

100 feet base.! 150 feet base. 200 feet base. 

! i 

! 1,227,522 ca- . 1,835,960 cu- , 2.441,376 eu- 
1 bic yards. | bic yards. | bic yards. 

Cost at 25 cents per vard. 

' $306, 888 00 

$458,990 00 1 $610,344 00 

Pile-revetment as befoie. 

18,840 00 

18,840 00 1 18,840 00 

Total. 

325,728 00 

477, 830 00 j 629,184 00 

Add 5 per cent. 

16,286 40 

23, 891 50 j 31.469 20 

Total from A to I. 

342, 014 40 

501,721 50 , 660,653 20 


ROUTE FROM F TO G. 

This estimate includes the widening and deepening of the cut already made by Mor¬ 
gan (excepting that portion through Morgan’s Point known as Morgan’s Canal) to 
fulfill the requirements as given in the previous estimates, a continuation of that cut 
to Red-Fish Reef, and wideniug aud deepening the cut through Red-Fish Keef to fulfill 
the requirements of the estimates: 


Excavation in cubic yards for given base. — Slope 2 to 1. 


12 feet deep. 


100 feet base. 150 feet base. 

200 feet base. 


613,314 cubic 1.137,186 cn- 
yards. bio yards. 

i 1,656,686 co* 

; bic yards. 

Cost at 25 cents per cubic yard.1 

Add 5 per cent....j 

$153, 328 *o ! $284,292 00 
7,666 42 14.214 60 

$114,171 00 
20,708 55 

* Total. ' 

160,994 92 $298,506 60 

434,879 55 


No estimate has been made iu the above for auy part through Morgan’s Point, known 
as Morgan’s Canal, included between F and V. 

It will be noticed that the lowest estimated cost for any cut is that of thecomple* 
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tion of the cot already commenced by Charles Morgan, and continuation of the same 
through the cut made by the General Government through Bed Fish Reef; but as Mr. 
Morgan has speut large sums individually making the canal through Morgan’s Point 
and extending the same for some 5 miles into the bay, under the charter, secured by 
him, of the old Buffalo Bayou and Ship-Channel Company, he claims and enforces his 
rights to charge tolls for all boats using that canal. Boats drawing over 5 feet are 
obliged to use his channel. For boats drawing less than 5 feet he charges 10 cents per 
ton, registered tonnage. For boats exceeding that draught his charges are much greater 
in proportion. I do not know and could not ascertain what such charges are, but the 
following, taken from the Galveston News of February 16,1877, is undoubtedly authen¬ 
tic, and will convey some Idea of these tariffs: 

“TOLL FOR PASSING THROUGH THE SHIP-CHANNEL. 

14 The following bill has been handed to the News for publication to show the expense 
of taking a schooner through Morgan’s Channel, a distance of half a mile. As will be 
seen, the chanuel-fees are $105.26; the towage is probably, from Galveston to Houston, 
1100. 

“ Gai^veston, October 23,1876. 

“ Schooner George Sealy and oimera to Buffalo Bayou Ship-Channel Company , Dr, 


For channel-fees, inward... $75 25 

For channel-fees, outward.. 30 01 


Towage 


105 26 
ICO 00 


“Paid. 


205 26 

“ J. J. ATKIN 80 N. 

“ By E. Samued.” 


Current-observations above Morgan’s Canal, in the San Jacinto River and in the 
ca >al, show that but a small percentage of water is drawn by the canal from the river 
proper. 

The.breakwater at the bead of the canal, on the west side, projects somewhat into 
and partially across t-hd channel of the river, causing the water flowing into the canal 
to form an eddy a short distance inside the breakwater, in consequence of which a 
0-foot shoal has formed. Doubtless this can only be removed and its formation pre¬ 
vented by dredging. 

This shoal will probably form here at every high water in the San Jacinto River. 
Aside from this shoal, it is my opinion that Morgan’s Cut, already made, has probably 
changed but little since dredging has been stopped. I do not think there will be any 
trouble in keeping any of the proposed cuts open if they have been once thoroughly 
made. 

# # * • « * * 


The routes proposed east of 
Morgan’s Point continue as nearly 
as possible the natural curve of 
the channel out of the San Jacinto 
River from A to B. 

To guide the flow of water and 
avoid the probability of a cross¬ 
current- and the consequent prob¬ 
able results which would neces¬ 
sitate frequent if not constant 
dredging, it is proposed to build 
a pile revetment or retaining-wall. 
The best piles to use here would 
be cypress, but I have estimated 
for pme piles, of 35 to 40 feet 
length, the tops driven to abont 
4 feet of the water-suiface, and 
then bolted together, as shown 
by the following plan and eleva¬ 
tion. 

Pine piles, 1 foot diameter and 
35 to 40 feet length, can be deliv¬ 
ered at the works at from 6 cents 
to 7 cents per running foot length 
of pile. Cypress piles would cost 
from 10 cents to 12 cents per foot. 
Driving and bolting the piles, and 
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all necessary extra material, can be procured for less than $1 for each pile. 1 bare 
therefore, estimated the cost of this retaining-wall at $3 each pile of 1 foot diameter. 

It is not expected that any appreciable scouring effect will be obtained by building 
this wall, but, unless this water is retained by some means! the same oaases that first 
formed Clopper’s Bar will act to constantly fill up the dredged channel. It would be 
best to bnild this retaining-wall before dredging, and to throw the mud from the 
dredged channel behind aud against it. The course of thie retaining-waH has been 
taken with a shorter radius than that of the excavation, to secure, if possible, a direc¬ 
tion of currentmt B corresponding to the straight line of excavation. 

An estimate of 25 cents per cubic yard has 'been made upon all exo&vation. This 
includes the removal of the dumps to half a mile from the cut. 

If, however, it is decided to complete Morgan’s Cut, it will not be necessary to carry 
the mud away so far. In this case a Newton’s hydraulic dredge might be used, aud the 
cost of excavation greatly reduced. 

If it is allowed to deposit the mud on the west side of the cut, at 100 or 260 feet 
from it, this dredge would probably be the best that conld be used there. If, however, 
it is required that the mud be carried by dump-scows to a distance, as would be neces¬ 
sary if either of the other routes were selected, there would be but little advantage 
in using Newton’s dredge. I have been indneed to mention this, because one of New¬ 
ton’s dredges is now excavating for the Galveston Wharf Company, depositing the 
earth behind a retaining-wall, for 12£ cents per cubic yard, while the above estimates 
are for 25 cents per cubic yard. 

One item not mentioned in the above estimates shonld be considered, viz: driving 
piles along the located ronte, about 400 feet apart. 

These will be necessary partly to locate the route and assist in necessary surveys for 
estimates, aud partly to assist the dredge-boats during the work. The cost of cypress 
piles, 30 feet long, would be from $3 to $3.60 each. These can be driven for @0 cents 
each, making the cost of each pile, for material and driving, a maximum of $4.40 each. 
The cost, then, on these various routes is estimated as follows: 


From A to D, 181 piles, at $4.40 each.$796 40 

From A to H, 162 piles, at $4.40 each. 712 80 

From G to H, 1>1 piles, at $4.40 each. 400 40 


Respectfully submitted, 


Lieut. Cras. E. L. B. Davis, 

Corps of Engineers,U. 8. A. 


J. A. Haywaru, 
Assistant Engineer. 


During June the survey in the lower bay was completed, and the as¬ 
sistant in charge submitted the following report, transmitted by Lieut 
C. E. L. JB. Davis, Corps of Engineers, who, being stationed in Galves¬ 
ton, was placed in general superintendence of the conduct of the survey. 


REPORT OF MR. H. C. RIPLEY, ASSISTANT ENGINEER. 


Galveston, Tex., June 6,1877. 

Sir : I have the honor to submit the following report of that portion of the survey 
for a ship-channel through Galveston Bay, Texas, placed in my charge. 

On the 15th of January last verbal instructions were received from yon to commence 
the survey at the lower end of Galveston Bay and prosecute the work in the direction 
of Red-Fish Bar until met by Mr. James A. Hayward, who had already commenced 
work at the San Jacinto River, and was prosecuting it in the opposite direction. Mr. 
Hayward was before this time in charge of the whole survey; bot the urgency for its 
completion made it necessary to divide the work and place a second party in the field. 


THE SURVEY. 


The object of the survey was to determine the choice of two routes which should 
give a 12-foot channel at mean low tide extinding from Red-Fish Bar; one ending in 
Bolivar Channel, the other to pass to the west of Half-Moon Light and Pelican Island 
and ending in Galveston Channel. In order to decide upon the choice of routes it was 
necessary not only to determine the cost of making a cut of the required depth and 
width and its probable permanence over each, but to ascertain the effect snch a cot 
would have on Galveston Channel. In accordance with these requirements, a careful 
trigonometric and hydrographic survey of these two routes has been made of that 
portion of the bay which lies between Half-Moon and Red-Fish light-houses. 

This has been plotted to a scale of -nrtorr* and is shown on Chart No. 3. That portion 
between Half-Moon light-house and the Golf had already been carefully surveyed in 
the summer of 1876, and it was thought unnecessary to resnrvey it. 

Therefore a tracing of the chart of that survey has been made which connects with 
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Chart No. 3 and makes a complete chart of the routes proposed from the outer bar at 
Galveston to Red-Fish Bar. Ad index-chart has also been made, which embraces the 
entire route from 8an Jacinto River to the Gulf. This chart is plotted to a scale of 
and is desigued to show at one glance the different routes estimated upon, and 
also to exhibit the result of current observations and other phenomena of importance. 

This chart is plotted by rectangular co-ordinates, the squares being numbered .to cor¬ 
respond with those of the original charts. 

Tide-gauges were kept at Brick Wharf, Galveston, Bolivar Point, Half-Moon light¬ 
house, and Red-Fish light-house. 

The readings of these gauges have been plotted on three charts, each embracing a 
nodical period; the first commencing with the first descending node in January. 

Where the daily record of any gauge was not complete an attempt has been made to 
reprodnce it and thus make the curve continuous by comparison with other curves 
which were complete. * 

The dotted portion of the curve indicates the reproduction of the wanting record. 
The full blaek lines show tho actual readings of the gauges. Quite a difference exists 
in the tides at the poiuts observed, as will be seen by the following comparison: 

Table of mean tides . 


Location. 

Rise and 
Ml. 

Bolivar Point. 

Feet. 

1 . 10 

Galveston...... 

1 . 10 

Half-Moon.. 

0.85 

Bed-Fish.. 

0. 48 

Morgan’s Point...-. 

0.38 



By means of these gauges the soundings have been reduced, being referred to the 
plane of mean low tide at Galveston. This plane is below mean low tide for points up 
the bay on account of the small variation of the tides remote from the Gulf. This 
amounts to ^ of a foot at Half-Moon, jV 0 of a foot at Red-Fish, and ^ of a foot at 
Morgan’s Point. 

A series of current-observations were taken at four points in the bay, and the results 
have been tabulated, together with simultaneous gauge-readings, wherever gauges 
were kept, and the direction and velocity of the wind at Galveston as obtained from 
the United States signal observer at that place. The positions of the current-observa¬ 
tions are shown on the index-chart, marked Nos. 1, 2, 3, and 4. A compass-dial is put 
on the chart at each position, by which one is enabled to see readily the directions of 
the currents as given in the tables* 


ESTIMATES. 

The following table of estimates shows the amount of excavation necessary to make 
a 12-foot channel at mean low tide, aud its cost at 25 cents per cubic yard, over each 
of four cuts. The center line of each cut is shown on the chart by a red line. The cut 
K-L extends in a straight line from the lower eDd of Red-Fish Cut to Bolivar Channel. 
The cnt D-E extends from what is known as Middle Pass. . Red-Fish Bar in a straight 
'in© to Bolivar Channel. 

The cut K-R extends in the arc of a circle from K to M, straight from M to N, in the 
arc of a circle from N to O, straight from O to P, in the arc of a circle from P to R, 
where it ends in Galveston Channel. 

The cnt D-R extends in a straight line from D to S, in the arc of a circle from S to 
T, in a straight line from T to N, where it unites and coincides with the cut K-R to R. 

The estimates are for widths of 100 feet, 150 feet, and 200 feet, with slope of two on 
one. 

Table of estimates for a 12 -foot channel . 


. 1 

100 feet wide. 

150 feet wide. 

200 feet wide. 


Cnb. yards. 

Cost 

Cnb. yards. 

Cost 

Cub. yards. 

Cost 

From K to L. 

From D to £... 

From K to R. 

From J>to R. 

567,487 
619,483 
1,063,244 
1,085,931 

fL46,856 75 
154, 870 75 
265,811 00 
371,488 75 

864,384 
909,958 
1,558,510 
1,591,701 

1316,096 00 
227,489 50 

1 389,627 50 
397,925 25 

1,141,326 
1,201, 089 
2, 053, 435 
2,097,130 

$285,331 50 
300,272 25 
513,358 75 
524,284 09 
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CURRENTS. 


By inspectiDg the tabular exhibit of current observations, I think a very correct idea 
of the currents, of the lower portion of the bay at least, may be obtained. Inspecting 
the currents at each positiou separately, it is to be observed that at station No. 1, at 
one stage of the tide, the current flows directly toward West Bay. From this it grad¬ 
ually veers to the W. (diminishing its velocity) and N. W. \ N., attaining its greatest 
velocity at N. W. | W. At other stages of the tide the direction of the current varies 
between E. £ N. and S., attaining its greatest velocity E. S. E. It will be observed 
that only on« observation shows any current having a direction north of W. | N. and 
E. i N., and this is bo small that I think it is due to the wind or is an error of observa¬ 
tion or recording. At station No. 2, at one stage of the tide the current flows toward 
West Bay, attaining its greatest velocity S. W. i W. 

From this it veers to the west,diminishing its velocity until it reaches W. |N., when 
the current almost entirely disappe&rs. 

At other stages of the tide the current varies from N. by W. | W. to S. E. by E., at¬ 
taining its greatest velocity E. 

But these last mentioned were so gentle compared with the force of the wind at the 
time of observation, that they were greatly if not entirely influenced’ thereby. At 
station No. 3 the observations were continued for a period of 17 days, and during that 
time great uniformity was observed in the directions of the currents. After flood-tide 
was established, they varied between N. N. W. and N. E. by N. IN. A few observa- 
tious gave directious exceeding these limits, but were due to the effects of wind. 
After the establishment of ebb-tide, the currents varied between S. E. by 8. J S. and 
S. 8. W. The greatest observed current not influenced by winds, flowed 8. S. E. $ S. 

But quite a number of the observations show a strong current, bearing west of south, 
and this was especially the case when the wind had an easterly direction. Cnrreuts 
in other directions were observed which occurred during the changes of the tide, but 
none of suffirieut force to be of any importance. 

At station No. 4 stronger currents were observed than at either of the other stations. 

The greatest currents flowed in a south-southeasterly direction. 

The ebb-tide currents varied in direction from S. E. £ 8. to a little west of south, and 
with a small velocity to nearly southwest. 

In changing to flood it veered to the west, and during flood-tide varied in direction 
from N. 4 W. to N. W.by N., attaining its greatest velocity at about N. W. by N. Only 
on one day was there any current observed having a direction between the limits north 
and east, and this was obviously due to a strong southwest wind. 

From the foregoing we are able to arrive at the following facts with regard to tidal 
currents when not influenced by strong winds. The bay being full and ebb-tide estab¬ 
lished, the water flows east in Bolivar Channel, north in Galveston Channel, where it 
unites with Bolivar Channel, deflecting the latter slightly to the north, and preventing 
it from scouring away the shoal which lies east from Fort Point. The water in West 
Bay flows in a northeast by east direction, meeting the water flowing sonth from the 
bay above, near Virginia Point, is deflected to the east, leaving a wedge of slack-water 
extending east from Virginia Point. The water in East Bay flows in a west-soutliwest- 
erlv direction until it meets the water from the upper bay, when it is deflected toward 
Bolivar Channel. But its momentum is sufficient to bank the water up on the west 
side of the bay, between Dollar and Shoal Points, and thus increasing the quantity of 
water flowing west of Pelican Islaud. The more remote from the Gulf the later will 
be the establishment of the ebb-currents, so that when the flood-tide sets in through 
Bolivar Channel the ebb-currents in the remote parts of the bays may be at a maximum. 

The phenomena of flood-tide seem to be as follows: 

The tidal wave in the Gulf arrives in front of Bolivar Channel when the ebb-current 
is nearly at a maximum. The water begins to rise rapidly, banking up on the outer 
bar, giving the deepest water on the bar when the water is lowest inside. 

The flood-tide soon forces its way west in Bolivar Channel, checking and reversing 
the currents that it meets directly, but only checking and deflecting those mot at an 
angle. 

The flow continues up the bay reversing the current fram the upper bay. The cur¬ 
rent from East Bay meets the flow up the bay at right angles, forcing it slightly to the 
west, which, together with the current west of Half-Moon flowing south, tends to fill 
up the southwestern portion of the bay, and thus prolong the ebb-current through 
Galveston Chaunel. This sometimes amounts to two hours or more, and at a time of 
double tides, when the flood-tide is of short duration, the ebb-current will not cease in 
Galveston Channel while it will flow and ebb again in Bolivar Channel. 

The current in Galveston Channel thus impinging against the prism of water in Boli¬ 
var Channel, finds its only mode of escape to the east, and we have two currents side 
by side flowing in opposite directions, with a wall of slack-water or prism of eddies 
between them. > a , 

But if the flood-tide continues, the current in Galveston Channel is reversed, ana, 


Digitized by 


Google 



APPENDIX J. 


465 


after passing the city, flows west and uniting with the water which flows from Bolivar 
Channel around the west end of Pelican Island, they together flow into West Bay. 

After flood-tide is established in both Galveston and Bolivar Channels the water 
divides where the two channels fork, leaving a wedge of sluggish water extending east 
from Pelican Spit. Bolivar Channel divides and subdivides into smaller ana still 
smaller channels, between each two of which there exists a wedge of more or less slug¬ 
gish water and corresponding shoals. 

The most southerly of these channels lies nearly east and west along the north side 
of Pelican Island, and its water flowing westerly divides, part flowing southwest and 
part northwest, leaving a wedge of slack-water extending from the shore south of Shoal 
Point. 

The tendency of such a wedge of slack-water is to form a shoal of the same form, but 
instead we find one uearly circular. 

This variation is obviously due to other currents, for as soon as West Bay is filled, 
or nearly so, this southwest current ceases and the current from Galveston Channel 
flows (at station No. 1) in a northwesterly direction, impinging against the shore south 
of Shoal Point, keeping a channel open along the shore. 

The point of this wedge-shaped formation is washed away by the ebb-tide, and hence 
its circular form, as shown ou the chart. 

The current observations were not extensive enough to determine the phenomena of 
the currents up the bay or to explain the formation of the shoals at Half-Moon, Shoal 
Point, Dollar Point, and Hannah’s Island. 

It is important to remark that the observations go to prove that West Bay is filled 

f ;enerally by water flowing both through Galveston Channel and Bolivar Chanuel, 
passing around the west end of Pelican Island); that it is sometimes filled entirely 
by water from Bolivar Chaunel passing around the west end of Pelican Island; that it 
is always emptied through Galveston Channel; that Galveston Channel discharges more 
water iuto the Gulf than it receives from it; that the ebb-current continues in Galves¬ 
ton Channel some time after the tide has commenced to flow in Bolivar Channel, and 
that this is due to the influence of East Bay by which the water is forced into the cove 
west of Pelican Island. It seems a subject of legitimate speculation whether a dam 
from Pelican Island to the main land south of Shoal Point would not prevent the for¬ 
mation of the inner bar. 

In seeking an explanation for the phenomena of tides as observed, estimates have 
been made of the areas of the several bays and of the mean relative amount of water 
each receives and discharges during the flowing and ebbing of a single tide. For con¬ 
venience of discussion, I have divided the bAsin into sectious, as follows: 

All that portion above Red-Fish Reef will be called Upper Bay; all east of a line 
extending north from Buffalo Point to Smith’s Poiut will be called East Bay; all that 
portion lying north of a line joining Buffalo Point and the northwest end of Pelican 
Island, and thence west to the maiuland, not included in Upper and East Bays, will be 
called North Middle Bay; that portion lying south of a line from the northwest end of 
Pelican Island west to the mainland, and a line joiuing Pelican Spit and Fort-Point 
breakwater, not included in West Bay, will be called South Middle Bay; and that 
portion of West Bay extending to Cronkaway Reefs will be called West Bay. 

The following table shows the area in square miles and discharge from each section. 
I have assumed for the tide in Upper Bay a mean of the mean tides at Red-Fish and 
Morgan’s Point; for the tide in East Bay and North Middle Bay a mean of the mean 
tides at Bolivar Point and Red Fish ; for the tide in South Middle Bay the mean tide 
at Half-Moon; and for the tide in West Bay a trifle more than the mean tide at Red-Fish. 

Areas and capacities of sections between the planes of mean high and mean low tides. 


Section. 

Area. 

Tide. 

i 

Capacity. 

Relative 

capacity. 

West Bay. . ... 

Sq. miles. 
29.5 

.50 

i Ou. rods. 

| 91,539 

116,053 

207, 592 

1 391,230 

445,350 


Sooth Middle Boy....... 

22 

.85 


West and Sooth Middle Bays._.... 

51.5 i 

100 

TCaiit Bay.-.-. 

78.8 

. 

.80 

188 

North Middle Bay. 

89.7 

.80 

215 

Upper Bay. 

231 

.43 

616, 450 

297 

Whole basin. 

45L 


1,660, 622 

800 


In the above table it will be seen that the capacity of East Bay is about $ as great 
as that of Upper Bay, while its area is only about £ as great. West Bay and South 
Middle Bay are combined in the table, for we have considered them as the natural 
basin to be filled and emptied through Galveston Channel. But our observations show 
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that this area is too small to represent the amount of discharge, hat that it is some* 
times, and probably often, too large to represent the amount of inflnx. 

North Middle Bay we regard as a reservoir to be filled and emptied with each flow 
and ebb of the tide through Galveston and Bolivar Channels, having no tendency to 
select one in preference to the other except on account of the greater slope doe to the 
shorter distance via the latter to and from the Gulf. The same is true of the Upper 
Bay, except that on account of its greater distance the momentum the water acquires 
while ebbing may favor its discharge through Boliver Channel. But East Bayevb 
dently exerts an influence on Galveston Channel on account of the momentum its 
water acquires while ebbing, which tends to force the water down into South Middle 
Bay and thus prolong the ebb and shorten the flood tide in that channel. 

The circular motion produced by the waters of East and West Bays flowing in oppo¬ 
site directions was undoubtedly the cause of the formation of Pelican Island and spit 
and the shoal which surrounds them. From an inspection, therefore, of the conforro- 
atipn of the bays, together with the tidal curves at different points, one would be led 
to expect tidal phenomena not greatly different from those actually observed. 


CONCLUSIONS. 


Fears have been entertained by many that a cut from Red Fish Bar to Bolivar Chtn- 
nel would diminish the flow through Galveston Channel, and thus eudanger its perma¬ 
nence or diminish its capacity ; hut from a consideration of all the phenomena we are 
forced to the conclusion that such fears were not well founded, and that, instead of 
being injurions to Galveston Channel, the tendency of such a cut would be jnsr tbe 
reverse, for it would tend to prevent the prolongation of tbe ebb-current in that chan¬ 
nel, which is injurions in three particulars, viz, first, by the formation of the inner 
bar; second, the tilling of tbe channel on account of an obstructed outlet; and, third, 
the delayiug of the flood-current- until the hays are partially filled, and thus losing the 
effedt of the flood-tide at a time when the greatest difference in the level of the Golf 
and bays exists. However, we do not anticipate that so small a cut would have a 
very marked influence, and if the products of dredging be removed it would probably 
not* be appreciable. 

Of the four cuts proposed K-L is, for several reasons, the most desirable. It will 
afford a straight channel from deep water in the Government out at Red Fish Bar to 
deep water.!n Bolivar Channel. It can be made at less expense than either of the 
others, and it gives great assurance of permanence. The dredging should be deposited 
on the west side of the cut, both as a source of economy and in the hope of deflecting 
the current from East Bay towards Bolivar Channel. If the end wonld warrant the 
expense, I think a row of close piling on the west side of the cut, with tbe dredging 
deposited back of it, would assist in the improvement of Galvestou Channel beyond all 
reasonable doubt. 

Tbe only advantage of the line D-E is in being in the prolongation of a straight line 
from the mouth of the San Jacinto River to Red Fish Bar. 

The objections to the line K-R are that the cost of cut would be nearly twice as 
great as on the line K-L; that it wonld give a crooked instead of a straight channel, 
and that it wonld not afford so much certainty of permanence. The same objections 
in a greater degree militate against the line D-R. 

I have been assisted, both in the field and office work, by Mr. R. B. Talfdr, assistant 
engineer; also by Mr. J. C. Buchanan, assistant eugineer, who took the current-ob¬ 
servations. 

Very respectfully, your obedient servant, 

H. C. Ripley, 


Lieut. C. E. L. B. Davis, 

Corps of Engineers , U. 8. A. 


Amutaft Engineer. 


The charts named in the report of Assistant Hayward were transmit¬ 
ted with my preliminary report. Those named in the report of Assistant 
Ripley are transmitted herewith. 

The reports, together with their accompanying charts, I think famish 
sufficient data for estimate and for decision as to location of a line on 
which to excavate the proposed channel through Galveston Bay. 


items of expenditure. 


Boats, fixtures Ac... $138 10 

Hire of schooner, Arc. 700 00 

Insn nnients. 56000 

Matt rial. 407 55 

Re»t. 50 00 
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Stationery. $72 40 

Service. 6, (M3 33 

Provisions. 488 09 

Telegrams. 13 97 

Transportation. 130 20 


Money statement 


Amount appropriated by act approved Angnsfc 14, 1876 . $10,000 00 

July 1, 1877, amount expended during fiscal year... 8,589 64 

July 1, 1877, amount available..*._ 1,410 36 


REPORT OF BOARD OF ENGINEERS. 


Army Building, New York, 

September 10, 1877. 

General: The Board of Engineers appointed by Special Order No. 
9, dated Headquarters Corps of Engineers, Washington, 1). Ck, January 
25, 1874, and reconvened by Special Order No. 95, dated Headquarters 
Corps of Engineers, Washington, D. C., August ,14, 1877, for the pur¬ 
pose of considering the question of location of a proposed ship-channel 
through Lower Galveston Bay, and its bearing upon the projected im¬ 
provement iu Galveston Harbor, has the honor of reporting as follows: 

The Board met on the 11th instant, as specified iu the order, and from 
day to day studied the data presented, arriving at the following conclu¬ 
sions covering the two points submitted for their consideration : 

A line from Red Fish Bar to the head of Bolivar Channel would, in 
the opinion of the Board, be a more advantageous location for the pro¬ 
posed channel than the line from Red Fish Bar, passing west of Half 
Moon Shoal, and terminating at the inner end of Galveston Channel. 
The first named would be shorter, with fewer necessary curves (if any) 
in its course, would require a much smaller amount of dredging in its 
first construction, and could afterward be maintained at less cost. 

The Board are aware of the advantages to navigation by giving a 
course to the channel straight from its commencement, at the head of 
Bolivar Channel, to its termination at Red Fish Bar. An uncertainty, 
however, which could be removed by a few observations, now exists, 
whether the channel might not be better maintained by giving it a 
slight departure from a perfectly straight course. Furthermore, it is 
the opinion of the Board that the harbor of Galvestou, as well as the 
works projected for its improvement, will not be injuriously affected by 
the ship-channel proposed from the head of Bolivar Channel to Red 
Fish Bar. 

A proposed location west of Half Moon Shoal, aside from considera¬ 
tion of much greater cost, would interfere with the original project for 
harbor improvement, inasmuch as it would cross the line along which it 
was proposed to close in the harbor, leaving open only its entrance from 
Bolivar Channel and through West Bay. This closure has not yet been 
decided upon, but may be considered desirable at some time in the 
future. Further, if the channel be made on this line it will be a round¬ 
about route for vessels bound direct from the Gulf to Buffalo Bayou and 
the San Jacinto River, while, at the same time, it would possess no 
special advantages to vessels leaving Galveston for these rivers over 
the line proposed from the head of Bolivar Channel. It is also the 
opinion of the board that the portion of such channel from the head of 
Galveston Harbor to a point opposite the west end of Pelican Island 
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would be more difficult of maintenance than any portion of the other 
charfnel. 

Respectfully submitted. 

Z. B. Tower, 

Colonel of Engineers, Bvt. Maj. Gen. 
H. G. Wright, 

Lieut. Col. Engineers, Bvt. Maj . Gen. 
John Newton, 

Lieut. Col. Engineers , Bvt. Maj. Gen. 
O. W. Howell, 

Captain of Engineers, U. S . A. 

Brig. Gen. A. A. Humphreys, 

Chief of Engineers U. S. A. 


J 5- 

IMPROVING SABINE PASS, TEXAS. 

During the year but 10,450 cubic yards were excavated by the con¬ 
tractors, and no work was performed by them after November, 1876. 
They have evidently abandoned their contract, the Chief of Eugineere 
was so informed, and annulment of contract recommended, for which 
authority was granted, and the contractors so iuforiued by letter from 
this office of June 20, 1877, iuviting from them a proposition for final 
settlement. To this letter no reply has been received. 

By act of Cougress approved August 14, 1876, $38,000 was appropri¬ 
ated u for the improvement at Sabine Pass, and for improvement of Blue 
Buck Bar and Sabine Bay, and for deepening the channel over the bar 
at the mouth of the Sabine River, and for deepening of the channel over 
the bar at the mouth of the Neches River, where these rivers enter Sa¬ 
bine Bay.” 

In my project of operations, dated May 18, 1877, for the expenditure 
of the appropriation, it was shown that if this small amount was applied 
to the four works contemplated by the act named, no appreciable benefit 
would accrue to either, and, as Sabine Pass was undoubtedly the most 
important of the four, it was recommended that the appropriation be ap¬ 
plied to the former, in excavating a channel through the bar at its mouth 
12 feet in depth at mean low tide, with a width of 100 feet at bottom. 
This recommendation was approved by the Hon. Secretary of War, and 
under date of June 12, 1877, 1 was authorized by the Chief of Engineers 
to so apply the appropriation, together with the balance of appropriation 
($20,000) approved March 3, 1875. 

• Proposals for the work by contract were invited July 16, 1877, by 
advertisement, the bids for which will be opened August 20, 1877. 

Should there be a balance sufficient, after completing the channel 
through the bar, it is proposed to straighten the channel through the 
body of the pass. 

The survey required as a preliminary to the work of dredging has been 
ordered, aud is now in progress. 


Original estimated cost.$87,513 90 

Whole amount appropriated. 58 ,000 00 

Whole amount expended. 6,225 W 


The work is located in the coUection-district of Galveston, near the ligbt-bonse 
the entrance to Sabine Pass. 
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submitted revised estimates for this work, as follows : 

For a 12-foot channel.$105,026 00 

For a 15-foot channel. 176,071 00 

For a 20-foot channel. 390,317 00 


Money statement . 

July 1, 1876, amount available. $16,658 84 

Amount appropriated by act approved August 14,1876 . 38,000 00 

-$54,658 84 

July 1,1877, amount expended during fiscal year. 2,884 42 

July 1,1877, outstanding liabilities. 1,285 00 

- 4,169 42 


July 1,1877, amount available.„... 50,489 42 


Amount (estimated) required for completion of existing project for 12-foot 

channel.. $47,026 00 

Amount that can be profitably expended in fiscal year ending June 30,1879. 47,026 00 


J 6. 

IMPROVEMENT OF PASS CAVALLO, INLET TO MATAGORDA BAY, TEXAS. 


Report on the survey for this work, with project for improvement, 
will be found in Part I, pages 760 to 765, inclusive, report of the Chief 
of Engineers for the year ending June 30, 1874. 

The sum of $20,000 was appropriated for the fiscal year ending June 
30, 1877, for commencement of the work. Examination of the project, 
with its estimates, must show how entirely inadequate for commence¬ 
ment the amouut of appropriation should lie considered. 

Appropriation was withheld, by direction of the Hon. Secretary of 
War, until late in the year. 

Under date of April 25, 1877, the Chief of Engineers informed me of 
release, and directed submission of a project for its expenditure. The 
following was submitted: 

New Orleans, La., May 21,1877. 

General: In obedience to instructions communicated in Engineer Department let¬ 
ter of April 25,1877,1 have the honor to submit, .with explanatory remarks, a project 
for expenditure of the appropriation now available “for the improvement of Pass Ca- 
vallo Inlet to Matagorda Bay, Texas.” The amount, being but $20,000, is not adequate 
for commencement of the work, if we employ the character of construction originally 
proposed, viz, a gabionade. 

To begin a work of this character a suitable plan must first be provided, and a large 
amount of material, both manufactured and for continuance of manufacture, must pe 
collected. I am satisfied, from experience with the Galveston work, that at least 
$100,000 should be available before the engineer iu charge should feel justified in mak¬ 
ing a commencement. 

in my original project for this work, which I see no reason to change as regards gen¬ 
eral plan, that part to be first undertaken was the closure of the Elizabeth and Decrow 
Channels, lying between Matagorda Peninsula and Pelican Island, by a gabionade 
along the line XY, (see chart,) which is nearly 7,000 feet in length, the object being 
to cause the building out of the peninsula as far as the island, and the confinement of 
the waters entering and discharging from the bay to the main channel. In this respect 
the plan of the work is similar to that at the mouth of the Cape Fear River. 

For making this closure the gabionade has many advantages, the principal of which 
are the rapidity with which a single tier of gabions and mats could be laid the whole 
length of this line to prevent excessive scour, and the possibility of afterward gradu¬ 
ally completing the closure, so as to give ample time for the sand to form about the 
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struct ore and for the main channel to gradually accommodate itself to the new service 
required of it. 

The only other method of closure suggested is that .of a strong sheet-piling. I have 
made an estimate of the material required for this, and find that it will cost about 
<118,000, delivered. 

It would be unsafe to estimate the cost of construction in so exposed a locality as 
this is known to be at less than the cost of material, which would make the estimate 
for the work $36,000. From this it appears that the appropriation may be made to 
complete about half the line by this method. 

Since the sheet-piling would effect a total closure as it progressed, the work would 
be embarrassed and its cost increased by continued and increasing scour about its end. 

I therefore think that it would be unwise to attempt ic. 

The only project that I feel at all justified in recommending is one looking to an ade¬ 
quate appropriation at the next session of Congress for constructing the gabionade- 
one of preparation for the placing of gabions, viz, the placing of the guide-piling along 
the line XY. Even this has its objections: 

1. The piling, in order to offer reasonable hope of withstanding the fall and winter 
storms, would oe very much more costly thau that required for the placing of gabions 
and mats, when carried on sironltaneously. 

2. Judging from observed effects of bridge-piling between New Orleans and Mobile, 
the piles would offer sufficieut obstruction to the tidal currents to cause scour between 
them. 

Those most interested ib this proposed improvement urge a commencement of some 
kind. They argue that if the present appropriation is expended, it will better their 
chances for obtaining further appropriation, and of fiually securing adequate appro¬ 
priation for completing the work. They are possibly right. With a desire to aid them 
m any way that offers a show of reasou, the last-stated project is submitted for con¬ 
sideration. 

Very respectfully, your obedient servant, 

C. W. Howell, 
Captain of Engineers. 

Brig. Gen. A. A. Humphreys, 

Chief of Engineers , (J. S. A. 

After consideration of the above, the Hon. Secretary of War decided 
as shown in the following copy of letter from the Chief of Engineers: 

Office of the Chief of Engineers, 

Washington , D. C., July 12, 1877. 

Sir : Your letter of May 21, last, in reference to the expenditure of the appropriation 
of $20,000, made by the river and harbor art of August 14, 1876, “for the improvement 
of Pass Cavaljo Inlet to Matagorda Bay, Texas,” was duly received, and submitted to 
the Secretary of War, June 28, with recommendation that, “ in order not to risk the 
danger of great loss to which au unfinished or imperfect structure would be subjected, 
* * the expenditure of the appropriation be suspended to wait the future action 

of Congress.” The Secretary of War has approved the recommendation of the Chief 
of Engineers, aud yon will be governed accordingly. 

In the mean time yon will please submit an estimate in detail of the additional sum 
required to proceed with the improvement without imminent risk of serious loss. 

By commaud of Brig. Gen. Humphreys. 

Very respectfully, your obedient servant, 

John G. Parke, 

Major of Engineers. 

Capt. C. W. Howell, 

Corps of Engineers. 


Iii consequence, tlie work lias not been commenced. It cannot be 
undertaken to advantage under an appropriation less than $150,000. 

Preparation for commencement of the work, viz: The collection, by 
purchase or construction, of a suitable plant, the lease of ground for 
manufacture and construction of quarters, store houses, shops, and 
wharves, and the collection of material in desirable quantity will of 
itself cost between $70,000 and $80,000. To be conducted to the beet 
advantage during the present year, the preparations for it should all be 
made be tore the 1st of February, 1878, so that construction cau be com¬ 
menced about the 1st of May and the favorable seasou for such work 
fully utilized. 
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The recommendations and estimates presented in my report of Feb- 
• rnary 4, 1874, are adhered to, and farther appropriation for this year of 
$130,600 recommended, which will make the total available $150,000. 
The importance of the work has been shown in previous reports. 

No commercial statistics for the past year have been received. 

The work is located in the collection-district of Indianola, Texas, and the nearest 
light-house is that at the entrance to the pass. 

Money Statement. 


Amoftnt appropriated by act approved August 14,1876. $20,000 00 

July 1, 1877, amount available. 20,000 00 

Amount (estimated) required for completion of existing project. 695,325 00 


Amount that can be profitably expended in fiscal year ending June 30,1879. 150,000 00 


LETTER OF THE CHIEF OF ENGINEERS. 

Office of the Chief of Engineers, 

Washington , D. C., June 28, 1877. 

Sir: I submit herewith a communication from Captain Howell, 
Corps of Engineers, in reference to the expenditure of the appropriation 
of $20,000 of August 14,1876, for the improvement of Pass Cavallo, en¬ 
trance to Matagorda Bay, Texas, from which it will be seen that this 
8am is insufficient for the complete construction of any portion of the 
plan which it has been deemed advisable to adopt in an endeavor to 
improve this entrance. 

In order not to risk the danger of great loss to which an unfinished 
or imperfect structuqd would be subjected, I beg leave to suggest that 
the expenditure of this appropriation be suspended to await the future 
action of Congress. 

Captain Howell will be directed to submit an estimate in detail of the 
additional sum required to proceed with the improvement without 
imminent risk of serious loss. 

Very respectfully, your obedient servant, 

A. A. Humphreys, 

Brig. Oen. and Chief of Engineers . 

Hon. Geo. W. McCrary, 

Secretary of War . 


[Indorsement.] 


The recommendation of the Chief of Engineers is approved. 
By order of the Secretary of War. 


July 17, 1877. 


H. T. Crosby, 

Chief Cleric . 
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ANNUAL REPORT OF CAPTAIN JAMES F. GREGORY, CORPS 
OF ENGINEERS, FOR THE FISCAL YEAR ENDING JUNE 
30, 1877. 


United States Engineer Office, 
Headquarters Department of Texas, 

San Antonio , lexas , July 10, 1877. 

General : 1 have the honor to transmit herewith ray annual report 
upon the work for the protection of the river-banks at Fort Brown, 
Texas, for the fiscal year ending June 30, 1877. 

Very respectfully, your obedient servant, 

James F. Gregory, 

Captain of Engineers . 

Brig. Gen. A. A. Humphreys, 

Chief of Engineers, 17. S. A . 


PROTECTION OF THE RIVER-BANKS AT FORT BROWN, TEXAS, FROM 
ENCROACHMENTS OF THE RIO GRANDE. 

The authority under which the work was done was given by the fol¬ 
lowing order: 

Office of the Chief of Engineers, 

Washington , D. C., December 30, 1876. 

Sir : The act making appropriations for snndry civil expenses of the Government for 
fiscal year ending June 30, 1877, contains the following item, viz : 

“For work pecessary for the protection of the river-banks at Fort Brown, Texas, 
against the eucroachraents of the Rio Grande, $10,000, or so much thereof as may be 
necessary, to be expended under the direction of the Secretary of War.” 

By indorsement of the War Department of December 21, on communication of the 
Paymaster-General, the Secretary of War approves of the assignment of this work to 
yon, and directs that the appropriation be disbursed under the Engineer Department. 
* • • * * * # 

By command of Brigadier-General Humphreys. 

Very respectfully, your obedient servant, 

John G. Parke, 

Major of Engineers. 

Capt. James F. Gregory, 

Corps of Engineers. 

There has been so much written by various officers of the Army who, 
from time to time, since 1867, have reported concerning the great and 
frequent changes which are continually taking place in the channel of 
the Rio Grande, the friable nature of the banks of the stream, and of 
the encroachments of the river upon its banks in front of the city of 
Brownsville, and the post of Fort Brown, that there is necessary here 
but a brief r4sumS of the condition of affairs when I assumed charge 
of the work of protection in January, 1877. 
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The evils apprehended for Fort Brown from river encroachments, 
besides the loss of land, were twofold, viz : 

First. That in the concave bend below the site of old Fort Brown, 
the narrow strip of land which now separates the river from the lagoon 
would be worn away and the lagoon either be drained or again become 
the channel of the river, in the former case leaving an unhealthy marsh 
to the sanitary detriment of the garrison, or in the latter event probably 
destroying the national cemetery, which is located on an island in the 
lagoon. I may here report what has been so often reported upon, viz: 
The lagoon is filled with water at each overflow of its banks by the 
river. As its bed is about 5 feet above the plane of low-water surface of 
the river it could easily be drained at low-water, but could not be kept 
dry by leveeing against the river, as it is the receptacle of a large 
extent of surface drainage. The apprehensions, therefore, that in the 
event of being drained it would become an “ unhealthy marsh ” seem to 
be justified. 

Second. That, judging from the rapid encroachments during the past 
three years near the northwest corner of the post, the river would soon 
break through into the northern end of the lagoon, destroying in its 
course some of the most valuable buildings at the post, and leaving the 
major portion of the reservation on the Mexican side of the river, if not 
in Mexican territory. The store-houses, workshops, &c., of the Quarter¬ 
masters Department, situated between the lagoon and the river, have 
also been considered in danger from every succeeding high-water. 

Many schemes for protection along the fronts mentioned have been 
devised, and some of them were carried into effect. In the concave 
bend near the southeastern corner of the reservation a costly work of 
timber and sheet-piling was built some years since by the Quartermas¬ 
ter’s Department, of which scarcely a trace now remains. 

About 330 yards up stream from the garrison-wall, a pile jetty was 
built by private parties in 1871. Though the 1 greater portion of this 
work has been washed away, a portion about 100 feet long remains. 
This work has been the cause of an immense accumulation of laud both 
above aud below it, w hich, diverting the channel at this point to the 
westward, has caused the rapid erosion along the northwestern front of 
the reservation. 

The portions of the Fort Brown front which it has been considered 
desirable to protect are from the northwestern corner of the reservation 
down stream about 1,000 feet, aud along the coucave bend below old 
Fort Brown about twice that distance. 

By comparing the plat of a survey made by myself with a tracing of 
Lieutenant Haupt’s map, made in March, 1809, I found that the erosion 
aloug the front below the point of intersection of the line of officers’ 
quarters with the river-bank bad been inconsiderable in eight years, and 
that the dangers to be apprehended were not measurably greater than 
they were at the time of Lieutenant Haupt’s examination. From the 
garrisou-wall at the northwest corner of the reservation down stream 
to tlie point of intersection above mentioned the case was very different. 
The erosion in the intervening eight years had been at the wall about 
50 feet; in front of the Administration building about 50 feet, and at a 
point aliout midway between these two about 90 feet; the erosion hav¬ 
ing almost all taken place since the erection of the up-stream jetty in 
1871,'and being much greater in the last tw o than iu the four preceding 
years. 

It was very desirable, therefore, that something be done at once to 
arrest the progress of erosion, and it was also considered imperative 
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that whatever work should be uudertakeu should be completed before 
the aeasou of high-water, which usually comes about Juue 1, should 
arrive. 

The amount appropriated did not permit the erection of any very 
extended work, and time was also au element of great importance. 
After a thorough examination of the locality, and a careful considera¬ 
tion of the circumstances, I recommended to the Chief of Engineers 
that a pile jetty or breakwater should be erected, with its up-stream 
end at or near the foot of Fourteenth street, Brownsville, above the 
point where the direct current strikes the shore with any considerable 
force. The axis of the breakwater to make an angle of not more than 
9° with the general direction of the shore-line from the starting-point 
to a pointrou the bank in front of the Administration building; the 
structure to be 150 feet long, with a wing at the down-stream end 
connecting with the shore below, which should make an obtuse angle 
with the main structure, the purpose of the main structure being to de¬ 
flect the current from the bank, and that of the wing to prevent erosion 
behind the work by the eddy which would form below it. 

To prevent washing around the piles, heavy brush mattresses were to 
be placed under the entire structure. As the banks are eroded from 
below and tumble in when the pressure against them is removed by the 
subsidence of high water, it was believed that if the deep channel could 
be kept at its present distance from the bank that the erosions by the 
flood-water would be of small importance compared to the additional 
power of resistance gained by the breakwater by allowing the shortest 
possible leverage to the current against the piles. It was, therefore, 
recommended that the tops of the piles be left only high enough above 
low-water surface to admit of substantial double longitudinal and trans¬ 
verse bracing, the flood-water above about 5 feet being permitted to pass 
over the entire structure. This plan was approved by the Chief of Engi¬ 
neers, and I was directed to purchase the materials and machinery esti¬ 
mated for in the plan recommended, and to proceed at once with the 
work. The timber and materials were purchased in open market in 
Mobile, Ala., and the work was done by hired labor. 

Pile-driving was begun on the-of April and the work completed 

on the 15th of June. The piles, which are of 12 by 12 inch pine, were 
driven with a 1300-pound hammer having a maximum drop of 40 feet. 
They were driven to the extreme limit of endurance, and, with the excep¬ 
tion of the anchorage piles, are from 18 to 29 feet in the ground. They 
are in two rows, 12 feet apart from center to ceuter, and 7 feet apart 
from center to center in each row. They are braced by a double set of 
longitudinal and transverse braces of 10 by 10 timbers bolted with 
1-inch screw-bolts with double washers. 

Under the entire structure and projecting 6 feet outside of it are mat¬ 
tresses of brush composed of two cross-layers of fascines which are 1 
foot in diameter and 12 and 25 feet long. The structure when completed 
was filled with layers of fascines of the same dimensions as those used 
in constructing mattresses, and of bricks and broken bricks, the only 
material to be obtained for ballast along the Lower Rio Grande. Upon 
the top stringers planks were spiked at intervals of 4 feet to keep in 
place the fascines and brick of the filling until sufficient sediment shall 
be deposited by the river to accomplish the same purpose. 

Since the completion of the work there have been two rises of the 
river, neither of which, however, reached a height of more than G feet 
above low water. 

No further recommendations with reference to the work can be made 
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until the effects of the next considerable rise upon it, and upon the 
banks just above and below it shall be seen. Such rise usually occurs 
about the 1st of Jnne and again in September. 

This year, though it may arrive in July, it is probable that the floods 
have been passed off in successive discharges from the various mountain 
tributaries of the Rio Grande, instead of being poured down, as is usual, 
at about the same time. 

The following is a statement of funds showing the amounts expended 
during the fiscal year ending June 30, 1877, and the amount available 
July 1, 1877: 

Money statement . 

Amount appropriated by act approved July 31,1876, making appropriations 
for sundry civil expenses of the Government for tbe fiscal year ending 


June 30,1877, <fcc.$10,000 00 

July lj 1877, amount expended daring fiscal year. 7,197 59 

July 1,1877, amount available. 2,802 41 
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ANNUAL REPORT OF CAPTAIN W. H. H. BENYAURD, CORPS 
OF ENGINEERS, FOR THE FISCAL YEAR ENDING JUNE 
30, 1877. 

United States Engineer Office, 

Memphis , Term., July 2, 1877. 

General : I have the honor to submit herewith my annual reports 
upon the works under my charge, for the fiscal year ending June 30, 
1877. 


Very respectfully, your obedient servant, 

W. H. H. Benyaurd, 

Captain of Engineers . 


Brig. Gen. A. A. Humphreys, 

Chief of Engineer #, U. 8 . A . 


L x. 


IMPROVEMENT OF THE OUACHITA RIVER, LOUISIANA AND ARKANSAS. 


# After the close of operations for the fiscal year 1876, the snag-boat 
O. G. Wagner was taken to New Orleans, docked and thoroughly re¬ 
paired for the work of the following season. 

The appropriation of $12,000 made by act of Congress approved 
August 14, 1876, was, however, not made available, (except an allot¬ 
ment of $800 for the purpose of taking care of the property, &c., per¬ 
taining to the work,) until May 1, 1877. 

Preparation was then immediately made to put the boat in commis¬ 
sion. After repairs, incidental to being laid up so long in that climate, 
had been made, the Waguer was sent to the Upper Ouachita. 

The project as approved being to build low-water dams across the 
side channel at Spoon Camp Shoals and Buffalo Flats, for the purpose 
of concentrating all the water at a low stage of the river into one chan¬ 
nel ; for if the steamers navigating the river could get over the ob¬ 
structions at these places, they could reach Camden, Ark., and in addi¬ 
tion the Waguer was to work during the remainder of the season in 
removing snags, logs, and other obstructions to the navigation of the 
river. 

The work has only been carried on since the middle of last month, 
and has progressed very favorably and satisfactorily, as can be seen by 
the following report of Mr. Justin Straszer, in local charge: 


Buffalo Flats, Ouachita River, 

June 30, 1877. 

Major : I have the honor to present herewith my report on the operations of the 
United States snag-boat O. G. Wagner for the fiscal year ending June 30, 1877. 

The snag-boat was oat of commission and laid up at New Orleans, La., from July 1, 
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1876, to May 20,1877, on which day I received your verbal orders to commence the nec¬ 
essary repairs and get the boat ready for service in Ouachita and Yazoo Rivers. 

This being completed by June 8, and having taken'on board the necessary supplies 
and outfit, I started, in accordance with your written instructions, from New Orleans, 
June 9. and arrived at Camdeu, Ark., the present head of navigation on Ouachita 
River, June 16. 

While on the way, heavy rains throughout the country had caused an extraordinary 
rise in the river, which, however, commenced, declining upon my arrival at Camden, 
Ark. 

The project of improvements in Ouachita River embraces, as the most important 
parts, the construction of low-water dams at Spoon Camp Shoals and Buffalo Flats, 
distant from Camden respectively 18 and 21.75 miles, and it was decided to start iu and 
complete this work to the exclusion of all other. 

I left Camden June 18 with au additional force of twenty laborers and proceeded to 
Spoon Camp Shoals. 

The river being still too high for any other work, the whole force of the boat was 
employed in cutting brush, poles, and timber, dragging them to the shore, whence it 
was loaded on the boat and carried to the place of construction. At the same time the 
construction of mattresses was commenced. 

On Friday, June 22, the river having falle,n to 9 feet above low water, I was enabled 
to make the necessary soundings and to select definitely the location of the dame, 
namely, to build one dam from the main left shore, across the old low-water channel 
to the tow-head, thence another dam to the main island, closing np a smaller chute. 

The same evening I commenced the construction of dam No. 1, by towing two large 
mattresses, each 55 by 30 feet, into the chute, and located them with ropes in the re¬ 
quired position. The filling with brush and ballasting with heavy oak timber,cut on 
the bank, was continued, to a thickness of 5 feet. 

A load of rocks, 40 cubic yards, was towed from Treadway’s Landing to Spoon Camp, 
and used for ballast and riprap. 

Dam No. 2 across the small chute, from the tow-head to the island, having a length 
of 90 feet, was commenced on June 28, and the construction of the same carried on as 
before. 

Heavy rains during the week caused a new rise in the river of 16 feet, which inter¬ 
rupted work for a few days. I started, therefore, to Treadway’s Landing on June 29, 
loaded with 66 cubic yards of rock, and returned the next day to Spoon Camp. 

The dams were found intact and solid, and will require 3 days more for completion, 
which will he executed as soon as the level of the river falls to the crest of the dams. 

Niue snags, principally heavy water-logged timber, beiug in the cbaunel at Cold Bite 
Shoals and in the bend above, and beiug serious obstructions iu low-water, were re¬ 
moved, sawed in suitable lengths, and used as ballast on the dams. 

###•### 

Very respectfully, your obedient servant, 

Justin Straszrr, 
Comdg . U. S. Snag-boat O. G. Wagner. 

Major \V. H. H. Benyaukd, 

Capt. Corps of Engineer's, U . S, A. 

During the coming season it is proposed to continue the construction 
of the dams at Buffalo Flats and to remove the steamer Ora, lately sunk, 
and other obstructions to the safe navigation of the river. 


COMMERCIAL STATISTICS. 

The amount of commerce carried on during the fiscal year ending June 
30, 1877, in Ouachita liiver, Arkansas, embraces— 


Cotton, about 40,000 bales, valued at. $2,000,000 

Oak staves, valued at.. 100, U0U 

Hides and sundries, valued at. 50,000 


Value of down-freight... 2,150,000 

Value of up-freight, consisting of provisions, supplies, agricultural imple¬ 
ments, and general merchandise, about. 1,500,00c 1 


Total 


3,650,000 


From Ouachita Kiver, in Louisiana, I have not been able to obtain full 
commercial statistics. The amount of cotton, however, shipped from 
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the entire river amounts to about 150,000 bales annually, estimated at 
$7,500,000. 

The river was navigated during the season, from January 10 to June 
30, 1877, through to Oamdeu, Ark., by the following boats: 

New Orleans and Ouachita River Transportation Company's Steamers: 

Tons. Trip* . 


John Howard. H00 8 

Sbanon . 650 6 

Era No. 9 . 200 3 

Willie. 200 6 

Bastrop. 350 6 

Independent steamers: 

Cotton Valley. 500 10 

Fanchon ...t. 450 3 

City of Augnsta. 350 1 


The Ouachita is in the collection-district of Arkansas, .there being but one, and in 
the third collection-district of Louisiana. 

The port of entry properly is New Orleans, La. 

The amount of revenue collected at that place is 11,601,646.32. 

The original estimate of operating upon the Ouaohita with snag-boat 
is as follows: 


Cost of steamer. $30, 000 

Running expenses, per month. 2,200 


No detailed estimates will be presented for the improvement of the 
Ouaohita with the snag-boat, since the nature of the work must be con¬ 
tinuous from year to year, owing to the character of the obstructions 
which each flood brings down. 

The estimates are therefore only based upon the amount required to 
run .the snag boat for a season’s work. 


Amount appropriated March 3, 1871. $51,000 00 

Amount appropriated June 10, 1872. 100, 000 00 

Amount appropriated March 3, 1873 . 60,000 00 

Amount appropriated August 14, 1876.. 12,000 00 


Total amount appropriated. 223,000 00 

Total amount expended. 216,169 44 


Balance on hand July 1,1877. 6,830 56 


The first appropriations were made with a view to the improvement 
of the river by means of a system of locks and dams, the estimated cost 
of which was $1,163,083.75, and by operating with a non-propelling crane- 
boat. 

There had been expended under this project for materials, surveys, 
&c., about $160,000 when it was abandoned. 

The remainder of the appropriations has been expended in the pur¬ 
chase of an iron-hull snag-boat aud in operating it upon the river. 

Money statement . 


July 1, 1876, amount available.*. $358 03 

Amount appropriated by act approved August 14, 1876. 12,000 00 

12,358 03 

July 1, 1877, amount expended during fiscal jear. 5,527 47 

July 1,1877, amount available. 6,830 56 


Amonnt that can be profitably expended in fiscal year ending June 30,1879. 20,000 00 
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L 2 . 

IMPROVEMENT OF THE YAZOO RIVER, MISSISSIPPI. 

No work was carried on upon this river daring the fiscal year ending 
June 30,1877, as the amount appropriated by act of Congress approved 
August 14, 1876, was not made available in time. 

As this amount is entirely too small to provide an ample outfit and 
at the same time carry on the work necessary to be done, I shall be 
required to wait, as 1 have done in previous seasons, until the snag- 
boat Wagner cau be spared from her district of operations, and put her 
upon the Yazoo. 

Accordingly, it is proposed to continue operations on the Yazoo in 
the removal of the most dangerous obstructions to the safe navigation 
of the stream. 

These obstructions consist of wrecks of steamers sunk during the war, 
and of snags, sunken logs, and overhanging trees. 

The original estimate for the improvement of the river was $120,000, 
which, if extended over a period of four years, would be sufficient for 
many years to come. 

Other streams, like the Big Sunflower, Tallahatchie, &c., navigated 
by the same steamers that ply in the Yazoo, and whose products are 
estimated in the general commercial statistics of the Yazoo River, 
should be included in the improvement. 

In case they be so included, detailed estimates for their improvement 
can be submitted. 

The amounts appropriated for the Yazoo have been as follows:- 


By act approved March 3, 1873.$40,000 

(This amount was applied to the removal of the wrecks of the steamers 
Arcadia, R. J. Lackland, Golden Age, Glyde, Petrel, Ivy, Van Dorn, Polk, 
and Idaho, sunk in the stream during the operations of the war.) 

By act approved March 3, 1875. 12,000 

By act appioved August 14, 1876.i. 15,000 

Of the latter amount there is still available $13,956.51. 


The nearest port of entry is Vicksburg, and is in the collection-district of Mississippi. 
The commercial statistics have not yet been obtained. 


Money statement . 

Amount appropriated by act approved August 14, 1876.$15,000 00 

July 1,1877, amount expeuded during fiscal year. 1,043 49 

July 1, 1877, amount available... 13,956 51 

Amount (estimated) required for completion of existing project. 93,000 00 


Amount that can be profitably expended iu fiscal year eading Juue 30,1879. 50,000 00 


L 3- 

REMOVAL OF RAFT IN RED RIVER AND CLOSING TONE’S BAYOU, LOUISIANA. 

In previous years, the two items uuder the above head have been sep¬ 
arate, and appropriations made for each. 

By the act of Congress, approved August 14, 1876, they were con¬ 
tinued in one, and the amount of $35,000 appropriated for the whole 
work. Of this amount I allowed $9,000 for work on the raft, and 
$26,000 for the work of closing the bayou. 
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REMOVAL OF RAFT IN RED RIVER, LOUISIANA. 

In the early part of July, 1S76, the river above Shreveport commenced 
to rise and continued rising very rapidly until the latter part of the 
month. 

This rise loosened and brought out a great deal of long and heavy tim¬ 
ber from above, which formed into jams below. 

The appropriation for river and harbor improvements not having 
passed as yet, and there being no money left from former appropriations 
for this improvement, no work could be done by the Government boats, 
although several of the river steamboats which had been caught above 
the jams did what they could to keep the river clear. 

By the 11th July navigation was entirely suspended between Shreve¬ 
port and the head of the raft, the river having jammed at rafts 11, 13, 
and 39, with heavy drift still running from above. 

The upper jam commenced forming about the 7 th July, and was the 
heaviest that had formed since the raft was opened, its length being 
from 1£ to 2 miles. 

At this time the river was very high and was still rising, so that every 
day the length of the jam was increased, and would have become very 
formidable had not portions of it broken loose and drifted down the 
river, forming a number of smaller jams below. 

About the 1st August the river began to fall, and fell as rapidly as it 
had risen, so that by the 25th of the month there was only 10 feet of 
water in the river above Shreveport; and as some of the stumps in the 
jam required from 7 to 8 feet of water to float the roots clear, it was 
feared, if longer delayed, no good effectual work could be done on ac¬ 
count of low-water. 

The river and harbor appropriation bill was approved on the 14th 
August, 1876, and. on the 28th August authority was received by tele¬ 
graph from the Chief of Engineers to work upon the removal of the jams. 

The United States steamer Thomas B. Florence, with one crane-boat, 
was immediately sent into the raft region, and from August 28 to Sep¬ 
tember 30. 1876, the following was accomplished, Capt. J. S. Tennyson 
beiug in charge of the work. 

September, 1876.—Duriug the month to the 23d the Florence was en¬ 
gaged in breaking up aud removing jams between Shreveport aud Gil¬ 
mer ; 12 jams were broken up and removed, the total length of which was 
4,380 yards. The most serious jams were at Gold Point, 400 yards long ; 
Lake Point, (raft No. 0,) 300 yards long; and at Egypt Plantation, (rafts 
Nos. 16, 17, and 18,) 1,200 yards long. These jams were formed in very 
high-water, aud the river falling very rapidly afterwards caused great 
difficulty in their removal. 

The crane-boat No. 1, Mr. E. H. Slocomb in charge, was supplied with 
a steam-saw, which was used to cut the long timber into 20 feet lengths 
as the Florence pulled it from the jams. 

During the months of October, November, and December, 1876, and 
January, 1877, the Florence was employed on the Tone’s Bayou work, 
supplying the parties carrying materials and towing barges and flats 
loaded with brush and poles. 

In February, 1877, the Florence was engaged to the 17th breaking 
up and removing jams in the raft region ; 10 jams were removed, the 
total length of which was 1,932 yards. As the river at this time was 
rising, these jams were easily broken. Seveu shore-drift piles were also 
removed, and 74 long trees sawed by hand. 

In April, 1877, the Florence was called out to break and remove some 
31 E 
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heavy jams, and operated from the 18th to the 21st, inclusive. Five 
jams were removed, the total length of which was about 1,150 yards, 
and 24 long trees sawed up by hand. 

RECAPITULATION. 


Date. 

Number of jams 
removed. 

Total length of 
jama in yards. 

Number of shore- 
drifts removed. 

5-a 

d*» 

111 

& 

a-s 

m 

9 - * 

1876, September 1 to 23. 

12 

4,380 | 

1 * 

59 

1,250 

1877, February ltol7... 

10 

1 032 

1 7 1 

74 


1877, April 18 to 21. 

5 1 

1 r iso ' 

94 


Total. 

j *7 

1 — , 

7,402 

11 

157 

1,15 


In June the steamer Florence, in going from Shreveport to Cypress 
Bayou to assist in raising the dredge-boat, sunk in Benton Cut-off, about 
live miles from Jeffersou. She, however, lies near the shore, in a very 
favorable position for raising, and as soon as a low stage of water is 
reached, she can be raised with but little difficulty. 

The original detailed estimate for the removal of the raft (see my re¬ 
port of last year, also previous reports of Captain Howell) was $259,014, 
with additional items for keeping open the channel for first year, $50,- 
000, and for subsequent years it was estimated that from $10,000 to 
$25,000 would be required. 

The amount expended upon the raft work and river in its vicinity is 
$306,393.06. 

A portion of this has been expended in the purchase of a new boat 
and plant required to take the place of that wornout in service. 

In my report of last year a table was presented, giving the present 
condition of the raft, width of channel, &c., together with estimate for 
the removal of the remainder of the obstructions. These additional es¬ 
timates are rendered necessary from the constant and progressive for¬ 
mation of the raft. 

While the old raft proper is being operated upon, work must also be 
continued to prevent the formation of ne\^ rafts, and the boats in serv¬ 
ice have been working continuously to this effect. 

By reference to the above report of operations for the past season, it 
will be seen that new raft and rack heaps formed and were packed as 
tightly and were equal in extent to any one of the old raft-formations. 

It most be considered that the work as now commenced must be kept 
up each year. One season’s stoppage of work would be sufficient to effect 
an entire blockade of the river and prevent its navigation above Shreve¬ 
port, and add considerable additional expense to effect a re-opening. 

After each flood the main river and its tributaries add their quota of 
trees, logs, &c., to the stream, eventually becoming serious obstructions 
to the navigation. 

Some act simply as snags, others are carried along and finally caught 
by some projecting bank or other obstruction, and as other additions 
are made, rapidly grow to the proportions of a large raft, completely 
blocking up the river. 

To prevent as much heavy timber as possible from falling into the 
river and forming snags, rafts, &c., I have caused the trees on both 
banks, to a point within 20 miles of Fulton, Ark., to be girdled, with a 
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view to having them felled and cut up, so that when the flood reaches 
them they will float off and cannot tend to form any obstruction. If 
this work be continued up the main river and its tributaries, the 
effect will be, in a few years, to have an open river throughout the en¬ 
tire season, instead of being, as it is now, blocked up with every rise. 

The amounts appropriated heretofore are as follows: 


By act approved June 10, 1872.$150,000 00 

By act approved March 3,1873. 80,000 00 

By act approved June 23, 1874 . 50,000 00 

By act approved March 3,1875 . 20,000 00 


By act approved August 14,1876, for removing raft and closing Tone’s Bayou. 35,000 C 0 
2. CLOSING TONE’S BAYOU, LOUISIANA. 

The object of this work was to retain in the main part of Red River 
all that volume of water which was lost to it by the outlet through 
Tone’s Bayou, aud thus to improve the low-water navigation of Red. 
River below. 

For years past Tone’s Bayou has been gradually enlarging, until last 
year it carried off at low water about three-fourths of the volume of 
water that passed through Red River above, and it was only a ques¬ 
tion of time, I believe, when nearly the whole of that amount would 
have gone down Tone’s Bayou, and thus have utterly destroyed the low- 
water navigation of Red River. 

Having received authority to commence the work, I decided to at¬ 
tempt the closing of the bayou by building a mattress-dam, as all pre¬ 
vious attempts at piling, &c., seemed to have failed. 

Having no stone, we had to have recourse to bags, filled with clay to 
effect the sinking The first few mattresses sunk seemed to have an 
effect upon the volume of water in Red River, and gave us hope that 
the object for which the dam was built would be effected. 

The dam as now built is a low-water dam, being in height about 21 
feet, the crest iu the middle being about 14 feet below extreme high- 
water mark, thus allowing the bayou to void a great volume of water 
during the flood-stages, while at low water all the water is retained in 
Red River. 

Had the appropriation been made available earlier, I reasonably ex¬ 
pect that the entire dam would have been finished with the amount ap¬ 
propriated; as it was, we were thrown later into the season and experi¬ 
enced higher water, and meeting with a slight accident we were com¬ 
pelled to finish the low-water dam. 

The work was in charge of Mr. Joseph Burney, assistant engineer, 
whose report of operations will be found below. 


United States Engineer Office, 

Memphis, Term., February 19, 1877. 

Major : I have the honor to submit the following report of the building of the dam 
on Tone’s Bayou, near Shreveport, La.: 

On the 25th September I received your iustructions in Memphis, Tenn., to proceed 
to Tone’s Bayou to make examinations aud surveys, aud to collect information bearing 
npon the construction of the dam until your arrival in the following week. 

During that time I made a careful examination of the bayon, taking several cross- 
sections, the most favorable oue showing the following results at low water or read¬ 
ing 9'5., on the water-gange erected duriug the progress of the work: 

From west bank, O'. 20', 40', 60', 80', 100', 120', 140', 160', 180 7 , 200'. 

Depth, O', 11', 24', 21', 21', 21', 21', 17', 12', 7', O'. 

Giving a low-water area of 3,100 square feet. 
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The low-water area of Red River, below the month of the bay on, showed the follow¬ 
ing result: 

From south bank, O', 20, 40', 60', 80', 100', 120', 140'. 

Depth, O', 15.5, IS', O', 6', 6', 3'5., O'. 

Giving a lo.w-water area of 1,160 square feet. 

The average rates of currents in Red River and Tone’s Bayon were about equal, 
being at the rate of 2 miles per hour, thus showing that the bayou was taking nearly 
three fourths of the water from Red River when it was greatly wanted for k navigation, 
and wasting it through Bayou Pierre and the lakes, while a large sand-bar was form¬ 
ing immediately below' the mouth of the bayou iu Red River, which showed every pros¬ 
pect of soon becoming dry, and forcing all the water at a low stage down the bayou, 
which was steadily widening awl deepening to receive it; thus it would only be a 
short time before navigation in low water to Shreveport would be suspended. 

I quote below an extract from the Louisiana State engineer’s report on the bayou, 
made in 1875, and, from my own observations made during the progress of the work, I 
fully agree with the opinions given : 

“ Tone’s Bayon, twenty years ago, was an insignificant stream, only drawing water 
from the river at moderate stages, but. now it threatens to destroy the navigation of 
the main channel, eveu when it should have sufficient water for the largest class of 
steamers plying in the Red River trade. 

“ It is every year scouring deeper and wider, while the main river is being gradually 
diminished iu width and depth. In order to avert tbe danger of absolute snspensiou 
of navigation from Grand Ecore to Shreveport during 0 or 7 months of the year, and 
these mouths, say, July, August, September, October, November, December, and often 
January, the months when it is most desirable for the planter and the merchant to 
have it, Tone’s Bayou must be closed lip.” 

Major Howell, in his report on the bayou, made in 1872, states: “ At the timo of 
gauging, the discharge of Tone’s Bayou was nearly double that of the river below it,”, 
and, from tbe figures given above, it had increased in 1876 to nearly three-fourths. 

While admitting the importance of immediately commencing the w'ork, there were 
nearly insurmountable obstacles to he encountered iu carrying out the work to a suc¬ 
cessful close during the low water of 1876. 

There w as no time to make the necessary surveys, examinations, and preparation for 
a work of so much importance, as in a short time the high-water season would begin, 
when the swift current and heavy drift-logs from the raft region above would, perhaps, 
destroy tbe work if fouud in an unfinished condition, and many,attempts uad bwu 
made by able engineers, under far more favorable circumstauces, which had always 
ended in a complete failure to close the bayou. 

After carefully considering the obstacles to he encountered, iu the interest of naviga¬ 
tion, aud at the urgent request of steamboat-owners, you determiued to immediately 
undertake the work, aud after selecting a location for the dam you placed me iu local 
charge of the work, with tbe following iustructious : 

To construct Mie dam with willow mattresses, sand-bags, and earthwork. Tbe dam 
to be 2J0 feet w ide at the base, feet wide at low-water level, and 25 feet wide on 
the crest, 2 feet above high-water mark; and iu the construction of the dam to be care¬ 
ful iu protecting tbe sides, and to always have the work iu such a condition that 
should a heavy rise occur in the river the work could be suspended without danger 
until the next low-wa*er season. 

On the 5th of October, 1876, the United States steamboats Florence and Aid, two 
crane-boats, and about 40 workuieu, left Shreveport, La., and arrived iu the bayou ou 
the same day. We then erected quarters for 120 laborers. Oie of the crane-boats was 
employe l*in reinoviug snags from the bayou to allow us to fioat the mattresses, and a 
quarter-boat, with a w’orkiug party, was sent up the river to obtain willows aud cot¬ 
tonwood trees. 

We then commenced building the ways for tbe construction of mattresses, which was 
done as follows: 

The bank of the bayou was cut back at an angle of about 3<P for 70 feet, and 70 feet 
wide. On ft is were built the ways made of 11 skids 6" by 4" with ronuded nosing on 
top, placed 5 feet apart, aud supported on posts 6" by 4" let iuto the ground S' 0", 
and the skids secured by three-quarter inch spikes. 

The average size of mattress was 60' by 36' by 3', aud was constructed iu the follow¬ 
ing mauner: 

Across the ways. 6 feet apart, were placed cotton v^>od trees 36 feet long and about 
4" to5" diameter at the butts; these were lashed to the ways to prevent them from 
rolling oft'. At right angles to the cottonwood trees were placed other cottonwood 
t ees. 6 feet apart, aud at the four extreme corners was placed an ash pin 3' 6" loug 
and ' in diameter; at every intersection of the cottonwood trees a one-inch pin was 
driven through, and each ioint tied with strands of old rope; over this framework was 
placed a layer of willow brush, over that cottonwood trees 6 feet apart in the same 
direction as the last, thus making the cottonwood trees 3 feet apart aud forming the 
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willows into basket-work. Again, on top, another row of trees 6 feet apart and at 
right angles to the last, and npou this a layer of willow brush, and continued the same 
as before until four layers of brush had been completed,“when on the top were placed 
cottonwood trees without brush, for the purpose of holding the sand-bags nsed in 
sinking. 

Each corner pin was run through the entire thickness of saplings, and wherever the 
joints met a one-incb pin was nsed, and the joints secured by strands of old rope. 

Each mattress contained from 200 to220 cottonwood trees; and estimating the brush 
and saplings as they were bound together, each mattress would contaiu about 50 cords 
of brush and trees. 

The workmen employed in constructing the mattresses were as follows: 


Occupation. 

One overseer. 

Four corner-meu :. 

Two pin-makers. 

O ie rope-strander... 

Twenty laborers. 

Twenty-eight months’ rations, at. 

Total cost per month for mattress-gaug 


Rate of pay. 

Total per 
month. 

$50 00 

$50 00 

40 00 

160 00 

30 00 

60 00 

30 00 

30 00 

30 00 

600 00 

15 00 

420 00 


. 1,320 00 


This party under very favorable circumstances could construct 2 mattresses per day, 
but allowing for broken time a fair average would be 40 mattresses per month; this 
wtjftld make cost of construction per mattress $33. 

The cottonwood trees a^d brush were obtained about 15 rmles from the bayou and 
•towed in barges by the United States steamer Florence to the works. From a near 
calculation I estimate the cost of brush delivered at the ways at $1.50 per cord, which 
would give cost of mattress as below: 


50 cords of brush, &c., at $1.50. $75 00 

Construction. 33 00 

Old rope. 3 00 


Cost of mattress 


111 00 


When the mattress was completed a 1-inch rope was tied to it and carried to a hoist¬ 
ing crab on the opposite side of the bayou. All being ready the lashings on the ways 
were cut and a few tarns on the crab would move the mattress, when it would slowly 
slide into the water. 

The mattresses did not have much buoyancy, for the top poles weie nearly even with 
the water. They were then floated down to the dam, and, by means of ropes stretched 
across the bayou at various distauces apart, the mattresses were placed iu position for 
sinking without any difficulty. We then dropped down a flat-boat loaded with 
abont 200 sand-bags to the upper end of mattress, and, placing tbe sand-bags on the 
ond, the mattress wonld sink and the flat-boat would slowly float over, allowing au 
even distribution of the sand-bags. Then on the top of the mattiess, again, we would 
place from 10 to 15 boat-loads of earth, equal to about 150 cubic'yards. 

The tir&t mattress was sunk on October 17, 187(5, and a few days later you inspected 
tbe works and approved of what bad been done, with the exception of a slight altera¬ 
tion in tbe construction of the mattresses. 

After constructing about 10 mattresses, tbe willows near the work had all been nsed, 
and we were compelled to use very coarse brush, having to cut down trees uml take 
the tops. This brush made a very inferior mattre-s to the willows. 

The tfork progressed steadily without any interruption until the 18th of November, 
when we had brought a part of the mattress-work up to the water-level, haviug placed 
iu position 39 mattresses. 

The water above and below the dam did not show mnch variation, being 0\5, but a 
slight rise coming down, in 12 days, caused a variation of 2'. Every precaution had 
to be taken in placing the mattresses in positiou in the strong current. The ropes 
across the bayou had to be abaudoued, and we placed tbe mattresses iu position by 
ropes secured to trees on each side of the bayou. 

In endeavoring to place oue mattress iu pnsitioa the current tore out. the entire end 
to which ropes were secured, and it went over the dam and was lost, not being able to 
bring it back in tbe current. 

Another mattress we lost by tbe ropes breaking, and a third one was lost by the 
heavy drift-logs piling np against it before it was inlly secured with saud-bags. 

During this time we suspended carrying earth on the flats to the dam, as the water 
readily carried it away, and we could only use saud-bags, which we increased to about 
350 per mattress. 
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The heavy drift cansed os considerable trouble by piliug op against the dam, and we 
were compelled to remove it. This we did by meaos of the capstan oo the steamboat 
Aid. 

In placing a mattress in position on the dam at this time it would raise the water 
above io a few minutes O'.2, and when oue was carried off it would immediately re¬ 
duce it the same amount. 

By the mattresses we could readily change the direction of the current to either side 
of the bayou, but our aim was to keep it in the center and away from the sides, which 
it would have rapidly cut away. 

You again inspected the work, when I informed yon that the means at our command 
for sinkiug the mattresses were exhausted, aud you instructed me to build from the 
sides. 

We then roattressed the sides to nearly high-water, and kept building oat into the 
center of the stream, and wheeling on sand-bags aod earth from the sides, and in this 
way we made rapid progress, and by leaving the center open the drift readily passed 
through without giving any trouble. 

About December 1 the water began to slowly fall and the.drift to cease running. 

We closed in the center and gave the whole dam a covering of sand-bags and earth, 
which caused the mattresses to settle about 1'.5 very evenly. 

We then continued with brush, sand-bags, and earth, as before, until the 26th De¬ 
cember, when one of the coldest and severest storms occurred that ever visited this 
portion of the country, and we were unable to obtain the brush, for the workmen could 
not handle it on account of the suow, and we had no alternative but to build the up¬ 
per portion of earth or suspend operations. 

It was considered that the heavy pressure from the earth-work would give solidity 
to the mattresses, and it was determined to build the upper portion of the dam with¬ 
out brush, and by tbe 3Ut of December we bad the dam about 5 feet above water- 
level, aod it presented a very solid appearance. Although we bad not succeeded in* 
stopping the leakage, several men on horseback crossed tlie dam for the first time that 
day, and the variation of the water above and below the dam was 3'.5. We kept 
steadily building up, while uoder the heavy pressure the mattresses again sunk about 
l 7 , and in places holes would break in the earth-work, but were easily filled up. In 
order to prevent the leakage, a heavy amount of earth* work was placed in front of the 
dam, and we nearly succeeded in stopping it. 

Several buggies passed over, and also a heavy wagon drawn by four males, without 
danger. On the 5th of January, 1877, the snow began to melt, causing another rise in 
the river, while tbe waier below the dam kept steadily falling, and ou Tuesday, Jan¬ 
uary 9, the variation of water above and below the darn was 5'.3. This heavy pressure 
against the new earth-work caused several serious caves, which we succeeded in stop¬ 
ping. January 8 and 9 the water kept steadily rising against the bank, and I kept 
two watchmen on the dam at night with a fire burning at each end, and the workmen 
to be called out if there was any danger. Ou Monday night they were called out aud 
stopped the caving; on Tuesday night we again succeeded in stopping it, but on 
Wednesday morning, Jauuary 10, about 2 o’clock, a serious cave occurred. We 
endeavored to stop it with sand-bags, but the current carried them over the dam, and 
by 4 o’clock it broke entirely through, when I abandoned all hope of saving the earth 
work, which was carried away in two days. 

During that time, although the river hod been on a steady rise, the water fell 2'.8, 
and at Shreveport, a distance of 30 miles by river, it fell 0'.5. 

I immediately sent you a telegram, and on the 12th January yoii visited the works, 
and after carefully examining the break, it was found that notwithstanding a fall of 
water of over 5 feet had beeu running over them, not a single mattress had moved, and 
the fall over the dam remained steady at 2 .3. 

You then instructed me to build out wing-dams from the sides, carrying the same at 
the extreme ends above high-water mark, and to strengthen the center withsaud-bags 
and make a low-water dam. 

During the time we were engaged iu this part of the work the water kept steadily 
rising, but the work required to be done was successfully executed. 

The low-water area of the bayou is 3.100 square feet, aud the water-area closed by 
the dam (shown on cross-section) is 3,00(» square feet. 

There were used in the construction of ihe dam 3.000 cords of brush, 16,500 cotton¬ 
wood saplings, 15,000 saml-bags, 15,000 cubic yards of earth. Forty-six mattresses were 
constructed ou the way, 60' by 30' by 3 '. 

Lost during the progress of the work: 5 mattresses, 2,500 cubic yards of earth. ^ 

The work commenced ou the bayou October 5, 1876, aud ceased January 18"- 
Time at work, 3 months aud 21 days. 

Accompanying this report, I submit— 

Oue model of mattresses, constructed to a scale of i inch to 1 foot. 

Oue photographic view, showing Tone’s Bayou and Red River below. 
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One photographic view, showing npper side of flam before earthwork was carried off. 

One photographic view, showing lower side of dam before earthwork was carried off. 

One cross-section of Red River, below mouth of Tone’s Bayou. 

One cross-section of Tone’s Bayou at the site of dam, showing water-area closed. 

I believe the cause of the bayou, from an insignificant stream, becoming one of its 
present size, threatening soon to destroy the navigation above in Red River, was due to 
the work done on the river by the State and other engineers. 

About 18 years ago a cut-off was made about a mile above the mouth of Tone’s bayou 
through stiff bine clay. This would not have increased the size of the bayou, as the 
water still kept the old channel, but a dam was constructed across the old channel 
below the mouth of the bayou, thus forcing the water either through the cut-off or 
down the bayou, and as the tad of the cut-off was much more tenacious than the 
bayou, the latter steadily year by year widened and deepened, drawing off the water 
from Red River; and if it had not been closed, would in a short time have destroyed 
over 600 miles of navigation on Red River aud its tributaries for 6 months in the year. 

I have every reasou to believe that the present dam will be permanent, but it will 
have much to contend against this high-water season. 

The site on which it is built is very susceptible of scouring, and the heavy drift may 
form a dangerous jam in front. 

I wonld respectfully recommend that at the ensuing low-water the dam should be 
repaired, strengthened, and raised about 5 feet higher in the center, and I estimate that 
$10,000 could be advantageously expended and be of great tauefit to the important 
navigation of Red River. 

I have the honor to remain, very respectfully, 

Joseph Burney. 

Maj. W. H. H. Brnyaurd, 

Captain of Engineers, U. 5. J. 


The dam at the present time is still intact and has well withstood the 
heavy food of this spring. Some caving has taken place on the left- 
hand bank, but so far no damage has occurred to the dam. 

It is recommended that an appropriation be made to finish off the top 
of the dam, left uncompleted when the high-water came upon us last 
winter, and also to protect the banks below from caving, so as to pre¬ 
vent the water from cutting around the ends of the dhm. 

As Old River below cuts out from the effects of the water being re¬ 
tained in the channel, some addition cau be made to the height of the 
dam each season, until finally the entire closure be effected. 


The above works are situated in the third collection-district of Louisiana. 

There is no light-house near them. 

The nearest port of entry is New Orleans, La., of which the following statistics for 
the fiscal year ending June 30, 1877, are given : 

Total value of imports... $9,522,559 00 


Total value of exports, domestic. 70,197,732 00 

Total value of exports, foreign. 151,584 00 


Total amount of revenue collected on imports 


70,349,31H 00 
1,601,646 32 


Statement of number and tonnage of vessels entered at and cleared from the port of Xew Or¬ 
leans during the year ending Jane 30,1877. 



Entrances. 

1 

Clearances. 


Number.' 

Class. 

Tonnage. ( Number. 

Class. 

: Tonnage. 


-1 

403 

730 

Steam. 

Sail. 


466,086 | 
462,564 

395 | 
746 

Steam. 

Sail.. 


... 467,570 

396,517 

1, 133 



988,652 

1,143 | 



, 864,087 


The following are the commercial statistics of Red River at Shreve¬ 
port. 
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Duriug tlie season ending June 30, 1870, there was received at New 
Orleans from Red River 108,000 bales of cotton, as follows: 

From Shreveport.. 59,355 

From Old River and above the raft. 12,372 

From Jefferson and the lakes. 14,475 

From Red River below Shreveport. Si,796 


166,900 

There was also received at Shreveport 22,683 head of live stock, most of which was 
shipped to New Orleans. 

An immense amount of lumber is also brought down, principally from Little Rim, 
estimated at 2,500,000 feet annually. 

To this should be added the transportation of the.freight up the river, consisting of 
merchandise, supplies, farm-implements, &c., estimated to be one-fonrth more than the 
value of the oottou which reaches Shreveport. 


Money statement. 

July 1,1876, amount available for removing raft. $207 15 

Amount appropriated by act approved August 14,1876. 35,000 00 

-$35,207 15 

July 1,1877, amount expended during fiscal year on raft-work... 6,393 06 
July l, 1877, amouut expended during fiscal year on Tone's 

Bayou. 26,551 77 

- 32,944 83 

July 1, 1877, amount available. 2,262 32 


Amount (estimated) required for completion of existiug project for raft- 

work... I. ... 140,000 00 

Amount that can be profitably expeuded in fiscal year ending Jnue 30, 

1879, for raft-work. 50,00000 

Amount that can be profitably expended in fiscal year ending June 30, 

1679, on Tone's Bayou. 10,000 00 


L 4. 

CONTINUING THE WORK OF DREDGING AND REMOVING OBSTRUCTIONS 
TO NAVIGATION IN CYPRESS BAYOU, TEXAS. 

Operations have heretofore been confined to the work of improving 
Cypress Bayou proper, by cutting out aud dredging a straight channel 
through from Jefferson to the mouth of the bayou, and in removing 
stumps, logs, aud other obstructions from the channel. 

Ko work was doue to that effect during the past fiscal year, the bal¬ 
ance on hand at the commencement of that year being only $22.10. 

The dredge boat with which we have operated in the bayou was sank 
last winter, and owing to the high stage of water preventing any attempt 
being made to raise her, she has remained in that condition. The ma¬ 
chinery, &c., however, is in safe condition. 

With the amount appropriated by act approved August 14,187$, l 
have commenced the construction of a new hull, and propose to trans¬ 
fer the machinery, &c., from the old to the new dredge. 

When this work is completed, (the estimated cost of which is about 
$9,000,) the balance of the appropriation will be expeuded in continuing 
the work of dredgiug and removing the obstructions. 

I estimate that for the purpose of finishing up the dredging and 
straightening tbe chaunel through the bayou, tbe sum of $20,000 will be 
required. 
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The former appropriations are as follows: 


By act approved June 10, 1872.1.$10,000 

By act approved March 3. 1873... 50,000 

By act approved August 14, 1876... 13,000 


(For collection-district and port of entry see report on removal of raft in Red River 
and closing Tone’s Bayou, La.) 


COMMERCIAL STATISTICS. 

The commercial statistics are as follows: 

Nearly the whole of Eastern Texas depended upon the water naviga¬ 
tion for its exports and imports, Jefferson, standiug at the head of navi¬ 
gation, being the principal distributing point; but since the construc¬ 
tion of the Texas and Pacific Railroad, which rnns through the city, a 
large portion of the bosiuess has been diverted from New Orleans to 
Saint Louis. 

The city of Jefferson contains about 5,000 inhabitants, and below T 
give statistics of business for 12 months ending August 31, 1876. 

Cotton receipts, 40,333 bales; of this 25,032 were forwarded to the various markets 
by railroad, and 15,301 by steamboat. 

Amount of sales during 12 months: 


Groceries and produce. v . $671,872 00 

Dry goods. 354,000 00 

Hardware. 119,000 00 

Groceries and dry goods mixed. 767,232 40 

Drugs, clothing, Ac. 267,000 00 

Machinery, wagons, Ac. 247,000 00 


Total... 2,426,104 40 

The city contains a court-house which cost over $80,000, and a mar¬ 
ket-house, over $40,000; also two banks. The First National has a 
paid-up capital of $200,000, aud its business for 12 mouths was over 
$ 10 , 000 , 000 . 

The Citizens’ Bank, with a capital of $60,000, did a business of nearly 
$5,000,000. 

The citizens of Jefferson are now engaged in building a narrow-gauge 
railroad over 100 miles long, and entirely with their own capital; 35 
miles have been constructed; 20 miles more is contracted for, and the 
balance will be finished as soon as possible. It will run through the 
following counties: Marion, Morris, Cass, Bowie, Titus, Camp, Hopkins, 
and Hunt. 

The ceusus of 1870 for these counties showed the following acreage, 
products, and valuation: 


Cotton, bales. 35,908 

Improved land, acres. 300,334 

Unimproved laud, hcres. 1,302,466 

Value of farms...$4,583,740 

Valne of farm products.*-.$4,961,837 

Value of live stock. $2,652,879 


There is great competition between the railroads and steamboats. 
Wbeu navigation is suspended, the railroads greatly increase their 
charges. 

The price per bale for cotton delivered in Saint Louis ^hen navigation 
is closed, is $4. 

The price per bal > navigation open, is $3. By rail and Red River to 
New Orleans, navigation closed, per bale, $4. 

By rail and Red River, navigation open to Jefferson, $2.50 per bale. 
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Cotton per bale from Jefferson to New Orleans averages from $1.50 to 
$2, carried by steamboat. 

Further showing the benefits derived from navigation, I quote price 
per car-load and distance from Saint Louis to cities with and without 
navigation: 

From Saint Louis to Texarkana, distance 480 miles, per car-load, $105. No navigation 
to city. 

From Saint Lonis to Jefferson, distance 545 miles, per car-load, $75. Navigation to 
city. 

From Saint Lonis to Marshall, distance 561 miles, per car-load, $105. No navigation 
to city. 

From Saint Louis to Shreveport, distance 600 miles, per car-load, $75. Navigation 
to city. 

By steamboat competition, cotton is carried to the various markets at 
a reduced cost of from $1 to $1.50 per bale; thus effecting a saving on 
40,000 bales of $50,000, while it keeps down the rates on all other 
exports and imports, which, at a moderate estimate, would amount to 
$50,000. Thus through the beuefit of navigation Eastern Texas saves 
annually $100,000 by cheap transportation, without considering the ad¬ 
vantage derived by having her trade competed for by Saint Louis and 
New Orleans. 

The citizeus of Jefferson are fully aware of the benefits derived from 
navigation, and have appropriated an( j expended over $60,000 in im¬ 
proving Cypress Bayou. 


Money statement . 

July 1, 1876, amount available. $22 10 

Amount appropriated by act approved August 14, 1876. 13,000 00 

13,022 10 

July 1,1877, amouut expended during fiscal year...... 3,121 3? 

July 1,1877, amount available. 9,900 73 


Amount that can be profitably expended in fiscal year ending June 30,1879.. 20,000 00 


L 5- 

SURVEY OF THE RIVER FRONT OF MEMPHIS, TENN. 


United States Engineer Office, 

Memphis^ Tenn ., February 5, 1877. 

General : In accordance with instructions contained in your letter 
of Janaary 5,1 have the honor to make the following report upon the 
survey of the port of Memphis, with plan and estimate for the protec¬ 
tion of the river front. 

At the time the letter above referred to was received, a considerable 
quantity of ice had gathered along the river-bauk directly in froutof 
the city, and extended for some distance around the bend above Wolf 
River. About the same time the river commenced rising very rapidly, 
(reaching finally before the completion of the field-work to within about 
8 feet of extreme high-water mark,) causing the ice-gorges above to 
break, so that the river was for a number of days filled with quantities 
of floating ice. This was crowded by the current directly against the 
bank we were most concerned in having correctly and properly surveyed, 
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and considerable difficulty was experienced in carrying on the hydro- 
graphical work. It was even thought at one time that the survey would 
have to be abandoned altogether. The difficulties encountered delayed 
ns somewhat in the prosecution of the work, and prevented us from 
making so detailed and thorough a survey as could have been wished ; 
still, sufficient reliable data were obtained upon which to form a plan 
and base an estimate for the protection of the wharf and landing from 
destruction by the current of the Mississippi River. 

The survey, which was conducted by my assistants, Mr. T. W. Nicol 
and Mr. W. W. Carson, extended from the head of Tennessee chute to 
the elevator at the foot of Beale street, including the Arkansas side, 
and also the lines of Tennessee and Frame chutes. Fifteen sections of 
the bank were also made below Wolf River, extending out beyond the 
deepest water, showing the depths at different points, and the profiles 
of the caving bank. I was also furnished by the city engineer with 
maps showing the shore-lines of previous years, and with borings made 
at the foot of Exchange street. This information has been embodied in 
our map. 

That part of the city front below Madison street has undergone very 
little change. Within the memory of persons now residing in the city 
the shore-liue ran about in the direction shown on the map by the dotted 
line, embracing a considerable portion of what is now known as the 
navy-yard property, and also a portion of the angle included between 
the Mississippi and Wolf rivers. Changes taking place in the river 
above caused a bar to form, which gradually extended out, forming the 
bank and land upon which afterward was located the United States 
navy-yard and other property below. This formation was in time at¬ 
tacked by the current, and siuce 1859 has continued to cave very rapidly. 

It is estimated from surveys made by the city engineer that within this 
period upward of 22 acres of ground have been washed into the river. 
That portiou lying between the Mississippi River and Wolf River was 
never occupied by permanent buildings, but below the latter stream a 
number of structures, including cotton-warehouses, coal yards, an iron- 
mill, and other buildings have been destroyed. At the present time 
valuable oil-mills and other costly buildings are in danger of being un¬ 
dermined and ultimately destroyed. The injury done to the city and 
the dangers arising from the encroachments of the river upon the land¬ 
ing are well set forth in the memorial of the general council of Mem¬ 
phis to Congress, a copy of which was transmitted to the Department 
with my letter of December 30 last. I need not therefore repeat the 
sam e here. 

The survey shows that from above Tennessee Chute the current fol¬ 
lows the Arkansas side very closely, aud cuts deeply into the bend on 
that side above Hopefield; theuce it is deflected to the Tenuessee side, 
where the whole bank is abraded from a point about 2,000 feet above 
Wolf River to about Monroe street, aud as the abrasion will continue 
down stream the remainder of the frout is also threatened. An inspec¬ 
tion of the map will show the amount of land destroyed in the past 10 
years. No work looking to the protection from this constant caviug has 
ever been attepipted by the city. A costly landing of stone extending 
from Jefferson street to the elevation was built, but as this was con¬ 
tinued only down to about low-water, it afforded no protection to that 
portion of the bank where it was absolutely needed. The greater part 
of this landing has been destroyed by the caving. 

For the protection of the river-front of Memphis, various suggestions 
have been made by persons interested in the improvement. It has been 
proposed to attempt to turn the Mississippi into the Loosahatcbiepthus 
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bringing it out Wolf River; also to turn the main current down through 
Tennessee Olrute; also the building of a dike above Wolf River, for the 
purpose of forcing the current to the Arkansas side. These schemes I 
deem utterly impracticable, and not worthy of any consideration. The 
remedy must be applied directly to the portion of the abraded bank. 
Two plans suggest themselves. First, by a series of short spur-dikes, 
with a bank revetment between them. Second, by a continuous revet¬ 
ment of the bank with brush and stone. A glance at the cross-sections 
on the map shows that the depth varies from 50 to 70 feet at low-water, 
these depths being reached at distances from the shores varying from 
120 to 200 feet. The expense attendant upon the bnildingof these dikes 
in water of so great a depth, increased by the settling that would also 
take place, and taking into consideration the fact that the bank needing 
protection is a landing-place for all the Mississippi steamers, and the 
consequent interference with navigation, 1 deem the plan of continuous 
revetment the best to be adopted. 

This plan will consist in covering the caving bank from about 10 feet 
above low-water down to the maximnw depth with a covering of brash 
mattresses or rafts loaded with st;one. The average width of this cov¬ 
ering will be about 175 feet, and the leugth of shore to be protected is 
about 7,000 feet. 

I have divided the space to be protected into two parts, that below 
Wolf River, which is the most important aud needing immediate atten¬ 
tion, in length abont 5,600 feet, and that part above Wolf River, re 
length about 2,000 feet, which, while needing protection, is not so impor¬ 
tant, as the interests at stake are not so great. 

The following is presented as au estimate of the cost of the work: 

BELOW WOLF RIVER. 

5,000' x 175X21 -1-128 = 19,100 cords brush mattresses, 'S $3 per cord in posi¬ 


tion . $57,3S0 00 

16,000 cubic yards stone, <a 83.00 in position. 56,00000 

Temporary works, contingencies, &c.:. 12,700 00 


126,000 00 

ABOVE WOLF RIVER. 

2,000'x 175 x2*-^ 128=6,800 cords brush mattresses, G) $3 peroord. 20,400 00 

5,000 cnbio yards stone, ( a 83.50. 17,500 00 

Temporary works, coniiagencies, &c . 6,100 60 


44,000 60 


Total for whole length of work. 170,000 00 

The work, if once commenced, should be continuous, and, therefore, 
if an appropriation be made it should be sufficient to complete either 
the one or the other of the above divisions. 

Very respectfully, your obedient servaut, 

W. H. H. BENYArRD, 

Captain of Engineer*. 

Brig. Gen. A. A. Humphreys, 

Chief of Engineers, V. 8. A . 

Statement of receipts at the port of Memphis , Tenn.,for the year ending Jane 30,1577. 


Duties on imnorts. #33,403 96 

Marine-bosy it il dues. 2,523 09 

Steamboat ins section. 1,699 40 

Licenses to m tsters, pilots, &c.. . 3,250 00 


40,876 96 

Total receipts of cotton at Memphis, season of 1875-76, 487,376 bales, valued at 
$27,070,615. 
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L 6. 

WATER-GAUGES ON THE MISSISSIPPI RIVER AND ITS PRINCIPAL TRIBU¬ 
TARIES. 

Observations have been continued at all the gauges throughout the 
entire year, and the resulting readings have been plotted in the office. 

As there was no appropriation made for the gauges by the last Con¬ 
gress, and being desirous of keeping up the observations, I have been 
unwilling to expend any portion of the balance of the former appropria¬ 
tion for the purpose of haviug the hydrographs photolithographed as in 
last year’s report, and thej r are therefore omitted iu this. 

Observations of the Carrollton gauge for each month have been fur¬ 
nished Major Comstock and Captain Brown for their official use. 

.Repairs have been made to the gauges at Carrollton, Fort Leaven¬ 
worth, Helena, and Vicksburg. 

A new gauge was erected at Memphis on the site of the old one, de¬ 
stroyed by the caving in of the city levee. 

When the water falls 1 shall be obliged to make certain necessary 
repairs to the gauges at Alexandria, Lake Providence, Red River Land¬ 
ing, and Helena; otherwise all the gauges are in good order. 

The observers are still the same as those mentioned in my report of 
last year, with the exception of the one at Vicksburg. At this place 
Mr. H. P. Raworth was appointed to take the place of Mr. Geo. W. 
Bausraan, jr. 

1 would most earnestly call attention to the fact that no appropriation 
was made for the gauges at the last session of Congress. 

The balauce of the old appropriation now on hand will be only suffi¬ 
cient to continue the observations uutil October, if no extensive repairs 
will be required. After that time the readings will have to be discon¬ 
tinued. 

The object for which the gauges were established was for the purpose 
of having a collection of continuous records, for a series of years, of the 
rise of the Mississippi River, with a view to obtaining information upon 
the question of ieclaiming the alluvial basin of the Mississippi River 
from overflow; also to give reliable report of the river at its various 
stages for the benefit of the steamboat and plantiug interests. 

As Congress has already taken initiatory steps toward making pro¬ 
vision for the work of reclaiming the overflowed lands, by providing for 
a survey of the entire river, and which is now in progress, it will be 
seeu how important it is to have the observations at the different gauges 
continued. 

There is transmitted herewith copies of the gauge-records for the year 
ending June 30, 1877. 

Money statement . 


July 1, 1876, amount available. $1,537 26 

Amount appropriated by act approved Augast 14, 1876. 5,000 00 

6,537 26 

July 1, 1877, amount expended during fiscal year. 4,869 02 

July 1, 1877, amount available. 1,668 24 


Amount that can be profitably expended in fiscal year ending June 30,1879. 5,000 00 
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ANNUAL REPORT OF MAJOR CHARLES R. SUTER, CORPS 
OF ENGINEERS, FOR THE FiSCAL'YEAR ENDING JUNE 
30, 1877. 

United States Engineer Office, 

Saint Louis, Mo., July 21, 1877. 

General : I have the bouor to submit herewith my annual report 
upon the operations committed to my charge for the fiscal year ending 
June 30,1877. 

I am, general, very respectfully, your obedient servant, 

Chas. R. Suter, 

Major of Engineers. 

Brig. Gen. A. A. Humphreys, 

Chief of Engineers, l r . S. A. 


M i. 


REMOVING SNAGS AND WRECKS FROM THE MISSISSIPPI. MISSOURI, AND 

ARKANSAS RIVERS. 

The sum of $50,000 was allotted to this work from the appropriation 
made by act approved August 14, ,1876, aud was expended during the 
past season in snagging operations on the three rivers designated, five 
and a half months’ work beiug accomplished. Of this three and a half 
went to the Mississippi, and one month each to the Missouri and Arkansas 
rivers. 

The principal portion of this work was done by the iron snag-boat 
Macomb, the wooden snag-boat De Russy being only used for six weeks 
on the Mississippi. 

Of course, with such scaut means, it was not possible to do thorough 
work, aud the operations of the Macomb in the lower Mississippi aud 
Arkansas were also much impeded by the heavy ice of last wiuter. 


MISSISSIPPI RIVER. 


Operations on this stream extended from Saint Louis, Mo., to Vicks¬ 
burg, Miss. 

The snag-boat De Russy, after undergoing considerable repairs, left 
Mound City, Ill., October 12, 1876, and worked four times over the sec¬ 
tion of the river between Cairo and Saint Louis. This boat was laid up 
and crew paid off on the 30th of November, 1876. 

The suag-boat Macomb commenced work in the Mississippi River at 
Cairo, 111., November 23, and worked twice over the river from Cairo to 
Vicksburg, being laid up and crew paid off February 15, 1877. 

As before stated, this work could not be thoroughly done on account 
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of the heavy ice, which greatly impeded the movements of the boat and 
also covered up the snags. 


Table of work done in the Mississippi River, 



MISSOURI RIVER. 

Work in this stream extended from the month to Bonneville, 195 miles, 
and was carried on by the snag-boat Macomb, which left Mound City 
October 12,1876, aud was assigned to the Mississippi work November 
20 t 1876. She passed twice over her beat, removing such snags as were 
most in the way. 


Table of work done in the Missouri River. 


Name of boat. 


J. N. Macomb 
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v 


161 | 1,78&*I. 


653 


ARKANSAS RIVER. 

Work in this stream extended from the mouth of White River to Silver 
Lake, the highest point reached by the suag-boat Macomb, which 
entered the river January 15, 1877, and returned to the Mississippi Jan¬ 
uary' 31. The work was much impeded by ice. 

Table of work done in the Arkansas River. 
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Recapitulation of work during theflecal year ending June 30, 1877. 


Name of river. 


Mississippi River 
Missouri River... 
Arkansas River.. 

Total. 


Number of snags 
pulled. 

1-S 

■2 8. 
jaS 

Number of trees 
cut. 

Number of drift- 
piles removed. 

Number of miles 
run. 

676 

13,413.8 

402 

4 

1,897 

161 

1,788.8 


5 

652 

193 

2, 241. 6 

234 

3 

557 

1,030 

17, 444.2 

637 

12 

3,106 


OPERATIONS FOR THE COMING SEASON. 

Congress at its last session having failed to pass the river and harbor 
bill, there remains for operations during the comiug season only a small 
allotment of $10,000 for suagging-operatious in the Missouri Eiver. 
Under the present uncertainty as to the future action of Congress on 
this subject, it would be imprudeut to expend any portion of this sum 
in ileld-opeiatious, and, in accordance with your instructions, it will be 
held for the care of the boats and other property of the Government be¬ 
longing to this ork. This enforced cessation of work by the snag-boats 
will greatly imperil river-navigation, and it is to be hoped that Congress 
will at an early day take such action as will enable work to lie prose¬ 
cuted during next winter and spring at least. If this is not doue, the 
accumulation of snags by next summer will be very great indeed, aud 
will tax to the utmost our almost worn-out fleet. 

In mj last aunual report l described the condition of our boats, and 
endeavored to show the necessity of at once providing funds for replac¬ 
ing some of them, iu order to carry on the w ork with greater efficiency. 
To this report I beg leave to refer, as the facts thereiu set forth are now 
of even greater importance thau they were a year ago. The great ad¬ 
vantage of having iron hulls for these boats cau no longer be questioned. 

The snag-boat Macomb, during her work last season, twice received 
injuries sufficient to sink a woodeu boat, but her work was not stopped, 
and the damages were easily repaired by the crew. 

My recommendations of last year, regarding the construction of new 
hulls for the machinery of some of the present wooden boats aud for the 
repair of the rest, are reuewed. 

The work is situated in the collecrion-district of New Orleaus. The amount of rev¬ 
enue collected at the port of Saint Louis. Mo., during the fiscal year eudiug June 30 , 
1877, was $1,423,370.23. 

The commerce benefitted by the work is that of the entire Mississippi Valley. 

ESTIMATE OF AMOUNT REQUIRED FOR FISCAL YEAR ENDING JUNE 30, 1879. 


For building one large iron-hulled suag-boat to carry machinery of one of 

the preseut wooden boats. $140,000 00 

For building one small iron-hulled suag-boat to carry machinery of one of 

the present wooden boats. 105,000 00 

For building one small iron-hulled stern-wheel suag-boat. <30,000 00 

For repairiug one wooden snag-boat and fitting it up for wreckiug pur¬ 
poses . 50,000 00 

For working-expenses of five boats, 10 mouths each, at $4,000 per month.. 200,000 00 


555,000 00 


Total.. 
32 E 
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Money statement . 

uly 1,1876, amount available. $4,358 98 

Amount allotted from appropriation by act approved Angnst 14,1876, for 
improvemeut of the Mississippi, Missouri, and Arkansas rivers. 60,000 00 

64,358 98 

July 1, 1877, amount expended during fiscal year. 55,184 19 

July 1, 1877. amount available. 9,174 79 

Amntreqnired for the fiscal year ending June 30,1879. 555,000 00 


M 2. 


REMOVING SNAGS AND WRECKS FROM WHITE AND SAINT FRANCIS 

RIVERS. 


No appropriation bas been made for the improvement of these rivers 
since 1873, but as work is much needed there, and will probably eventu¬ 
ally be provided for, I submit herewith estimates for carrying it on. 

A small iron stern-wheel snag-boat should be built for this service. 
The former appropriations are as follows: 


Allotted from appropriation for contingencies of rivers and harbors (act 

approved July 11,. 1870) for the improvement of White River. 

Appropriated by act approved March 3, 1871, for the improvement of Saint 

Francis River in Arkansas. 

Appropriated by act approved March 3,1873, for the improvement of White 
and Saint Francis rivers. 


$10,000 00 
10,000 00 
50,000 00 


The collection-district in which the work is situated is New Orleans, and the nearest 
port of delivery Memphis, Tenn. The nearest fort is Fort Gibson, Indian Territory. 

The arnonnt of revenue collected at Memphis, Tenn., during the fiscal year ending 
June 30, 1877, was $40,876.96. 

During the high-water season the commerce of these rivers is large, 
and regular lines of packets are maintained. 

During low-water, when the nature of the obstructions will not admit 
of a competition with the railroads, the commerce is small, and is mostly 
confined to the local trade of those points not reached by the railroads. 

ESTIMATE OP AMOUNT REQUIRED FOR FI8CAL YEAR ENDING JUNE 30, 1879. 


For bnilding one stern-wheel iron snag-boat. $60,000 00 

For operating same teu months, at $4,000 per month. 40,000 00 

Total. 100,000 00 


Money statement . 

Amount that can he profitably expended in fiscal year ending June 30,1879. $100,000 00 


m 3 . 


IMPROVEMENT OF THE MISSOURI RIVER OPPOSITE SAINT JOSEPH, 

MISSOURI. 

A report upon this subject was submitted to you January 25,1876. and 
was published in your auuual report for 1876, Appendix L 4. 

An allotment of $10,000 was made for this work May 17, 1877, and 
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will be expended during the present season in protecting the shore near 
the dikes erected by the bridge compauy, and in strengthening work 
already in place. 

The work is situated in the collection-district' of New Orleans, and the nearest port 
of delivery ii Omaha, Neb. The nearest fort is at Leavenworth, Kans. 

• Amount of revenue collected at Omaha, Neb., during fiscal year ending June 30,1877, 
was $2,583.30. 

ESTIMATE. 


Revetment of 6,400 feet of bftnk: 

For 7,500 cords brush mattresses, at $3 per cord, (placed). $22,500 00 

For 64,000 cubic yards of stone, at $1.75 per cubic yard, (placed). 112,000 00 


134,500 00 

Excavation, contingencies, &c. 15,500 00 


Total. 150,000 00 


Amount allotted from appropriation by act approved August 14, 1876, for 

improvement of the Mississippi, Missouri, ana Arkansas rivers. 10,000 00 

Joly 1,1877, amount expended during fiscal year. 901 19 


July 1, 1877, amount available. 9,098 81 


Amount (estimated) required for completion of existing project. 140,000 00 

Amount that can be profitably expended in fiscal year ending June 30,1879 . 80,000 00 


M4. 

IMPROVEMENT OF THE MI8SOURI RIVER AT NEBRASKA CITY, NEBRASKA. 

An allotment of $15,000 for carrying on this work was made Decem¬ 
ber 1, 1876. A survey of the locality was made, and a report, with plan 
and estimate, was submitted to you February 14, 1877. 

Subsequently a modified plan was submitted for the expenditure of 
the sum allotted, (copy herewith,) and operations will be commenced as 
soou as the river has fallen sufficiently. The entire sum available will 
be expended during this season* 

The work is situated in the collection-district of New Orleans, and the nearest port 
of delivery is Omaha, Neb. The nearest fort is at Leavenworth. Kans. 

The amount of revenue collected at Omaha, Neb., during the fiscal year ending June 
30, 1877, was $2,583.30. 

ESTIMATE. 


For 3,500 linear feet of dike, at $35 per foot.$122,500 00 

Contingencies and superintendence. 12,500 00 

Total. 135,000 00 


Money statement . 


Amount allotted from appropriation by act approved Augnet 14,1876, for 

improvement of the Mississippi, Missouri, aud Arkansas rivers. 

July 1,1877, amount expended during fiscal year. 


$15,000 00 
3,229 43 


*July 1, 1877, amount available. 


11,770 57 


Amount (estimated) required for completion of existing project. 135,000 00 

Amount that can be profitably expended in fiscal year ending J une 30,1879 . 75,000 00 
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MODIFIED PLAN OF IMPROVEMENT. 

United States Engineer Office, 

Saint Tjouis , Mo., May 22,1877. 

General : In accordance with your instructions to submit revised 
estimates and plans for the expenditure of the sum allotted for the 
improvement of the Missouri River at Nebraska City, Nebr., 1 have the 
honor to report that I have carefully considered the subject, and while 
still regarding the plan submitted February 14, 1877, to be correct in 
principle, I have concluded that the great discrepancy between the 
amount of money available and the sum estimated as uecessary, renders 
it expedient to adopt entirely different means for carrying it oat than 
those recommended. The plan submitted to you contemplated the con¬ 
struction of permanent dikes of brush and stone, so located as to change 
the direction of the curreut in the bend above Nebraska City, restoring 
it as nearly as possible to an old channel, during the occupancy of which 
there was no tendency to injurious cutting of the banks in the neighbor¬ 
hood of the town. 

For the success of this plan, it seems, however, to be essential that 
considerable results should be accomplished while the river remains 
substantially at one stage, otherwise the work done is liable to be lost, 
and this of course requires that ample fuuds should be available. This 
not being the case, I have concluded that our only chance of success 
will lie in using means of a more temporary nature by which we may 
be enabled to accomplish considerable results in a short-'time, leaving 
it to future legislation to provide funds for more permanent construc¬ 
tions, should they be found necessary. In carrying out this idea, I rely 
greatly upon the well-known instability of regimen of the Missouri 
River and the great rapidity with which natural causes are known to 
produce great changes. It seems reasonable to suppose that judiciously 
selected artificial meads will produce the same results, and if this reason¬ 
ing is not entirely faulty, I think we may be able, at comparatively 
slight expense, to make important changes in the river channel. To 
effect this, I propose to endeavor to induce large deposits of sand, io 
such places as may be deemed desirable, by gradually obstructing and 
slackening the current at these places and thus form bars, which will 
force the channel to follow the line deemed desirable. I propose to use 
rope uets anchored across the stream, trailiug-ropes with brush attached 
to them, and if necessary slight brush dikes, the object in all cases 
being to induce deposits of sand which will deflect the current instead 
of imposing this duty upon the works themselves. 

All these expedients have successfully been used before, especially 
on the rivers of India, which are very similar to the Missouri in many 
respects. Should these experiments prove successful, the problem of 
improving such streams as the Missouri, at practicable cost, will be 
greatly simplified, aud even if unsuccessful the loss will not be great, 
and the experience gained will be invaluable. Should the means pro¬ 
posed accomplish the desired end, eveu for a time, the construction of 
more permanent works, which may be required to maintain the results 
obtained, will of course be much facilitated aud simplified. 

In a work of this character, which must be carried on from day to 
day, using such measures as necessity may dictate at the time, there 
will be too much uncertainty to allow of contract-work. The material 
needed must be procured when wanted, and the work must be performed 
by hired labor. 
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Should the plan recommended meet with your approval, work will be 
commenced as soon as funds are available. 

I am, general, very respectfully, your obedient servant, 

Chas. B. Suter, 

Major of Engineers. 

Brig. Gen. A. A. Humphreys, 

Chief of Engineers , U . 8. A . 


M 5 . 

IMPROVEMENT OF ARKANSAS RIVER AT FORT SMITH, ARKANSAS. 

The sum of $10,000 was allotted for this work, the object being to 
remove a bar which obstructs the free access to the city landing. A 
survey of the locality is in progress, and as soon as possible a plan for 
carrying on the work will be submitted for your approval. The entire 
sum available will probably be expended this season. 

This work is situated in the colleotion-distriot of New Orleans. The nearest port of 
delivery is Memphis, Teun., and the nearest fort is Fort Gibson, Indian Territory. The 
amount of revenue collected at Memphis, Tenn., during fiscal year euding June 30,1877, 


was $40,876 96. 

Money statement . 

Amount appropriated by act approved August 14, 1876. $10,000 00 

July 1, 1877, amount expended during fiscal year. 304 51 

July 1, 1877, amount available.. 9,695 49 


» 


M 6. 


IMPROVEMENT OF WHITE RIVER ABOVE JACKSONPORT, ARKANSAS. 


No work was done under this appropriation last season, the sum of 
$10,000 appropriated by act approved August 14,1876, for the improve¬ 
ment of White River at Buffalo Shoals, Arkansas, having been withheld 
until March 29, 1877. Our maps of this locality were too imperfect to 
allow of the work being commenced at once, and a survey which was 
authorized is now in progress. Upon its completion a plan for the 
expenditure of the money will be submitted to you. 

The small snag-boat Thomas Truunel, belonging to this improvement, 
was sunk by the ice, at Mound City, Ill., last winter and became a total 
loss. 

The necessity for removing snags and bowlders from this portion of 
White River is very great, and to carry on this work, and also to enable 
additional surveys to be made, $60,000 will be required. 

The only former appropriation made for this work was $50,000, by 
act approved June 23, 1874. 

New Orleans is the collection-district in which the work is situated, and the nearest 
port of delivery is Memphis, Teun. Fort Gibson, Indian Territory, is the nearest fort 

The amount of revenue collected at Memphis, Tenn., duriug the fiscal year ending 
June 30,1877, was $40,876.96. . 

The commerce of the country adjacent to the river is commensurably 
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large to the existing facilities for transportation. Its amount cannot be 
even estimated, as much is transported by teams from the upper country 
to stations on the Saidi Louis and San Francisco Railroad. 

Should the improvement of the river be made, the agricultural and 
mineral products of the country would be very largely increased. 


Money statement . 

Amount appropriated by act approved August 14,1876.. $10,000 00 

July 1,1877, amount expended during fiscal year. 183 33 

July 1,1877, amount available. 9,816 67 

Amount (estimated) required for completion of existing project. 700.234 37 


Amount that can be profitably expended in fiscal year eudiug June 30,1879. 60,000 00 


M 7. 

SURVEYS OF THE MISSOURI RIVER AT OMAHA AND COUNCIL BLUFFS, 
PLATTSMOUTH, BROWNVILLE, AND ATCHISON. 

The sum of $5,000 was allotted to defray the expenses of surveys 
ordered at the points named above. 

The survey at Omaha is well advanced, and the others will be taken 
in hand as rapidly as possible. 

Money statement. 

Amount allotted from appropriation by act approved Augnst 14,1876, for 


improvement of the Mississippi, Missouri, and Arkansas rivers.$5,000 00 

July 1, 1877, amount expended luring fiscal year. 2,007 24 

July 1,1677, amount available. 2,992 76 
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ANNUAL REPORT OF COLONEL J. H. SIMPSON, CORPS OF 

ENGINEERS, FOR THE FISCAL YEAR ENDING JUNE 30, 

1877. 

United States Engineer Office,. 

Saint Louis , Mo., August 1, 1877. 

General : I have the honor to submit herewith my annual report 
for the fiscal year ending June 30, 1877. 

In additiou to the duties connected with the works of river and har¬ 
bor improvement under my charge, 1 have also served as a member of 
the Board of Engineers constituted by Special Orders No. 52, Headquar¬ 
ters Corps of Eugiueers, dated June 22, 1876, to inquire into the expe¬ 
diency of causing sheer-booms to be placed above bridge-piers on the 
Mississippi River. 

I was alsodetailed by Special Orders No. 99, Headquartersof the Army, 
Adjutant-General’s Office, May 19, 1876, as president of a board to re¬ 
tire disabled officers, to convene at Saint Louis on the 29th of that 
mouth, which board was dissolved by Special Orders No. 108, dated 
June 1, 1876, without performing any duty for which it was constituted. 

In forwarding my report, 1 cheerfully acknowledge the valuable aid of 
my assistants and clerks, who have never failed to perform their duty as¬ 
siduously and completely, and without whose assistance the Government 
could not have accomplished the favorable results which I believe have 
attended the engineering operations of this district. These gentlemen 
are Capt. Charles J. Allen, Corps of Engineers; Assistant Engineer 
Robert E. McMath ; aud'S. S. Hutchins, chief clerk, with S. G. Clark, his 
assistant, in the office; and Assistant Engineers D. M. Currie, Charles 
S. True, and W. S. Simpson, in the field, and William Popp, assistant 
engineer and draughtsman, both in field and office. 

Very respectfully, your obedient servant, 

J. H. Simpson, 

Colonel of Engineers, and Brevet Brig . Gen. U. S. A . 

Brig. Gen. A. A. Humphreys, 

Chief of Engineers, U. S. A. 


IMPROVEMENT OF THE MISSISSIPPI RIVER BETWEEN THE MOUTHS OF 
THE ILLINOIS AND OHIO RIVERS. 

BETWEEN THE ILLINOIS AND MISSOURI RIVERS. 

The funds available for the continuation of the works in this section 
were: 


Balance July 1,1876. $3,682 76 

Provided in act approved August 14,1876 . 15,000 00 

18 682 76 
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It was proposed to continue tlie construction of the dam at Piasa 
Island, and to make such repairs and extensions as were needed to the 
abutment of the dam at Alton Slough. 

DAM AT PIASA ISLAND. 

Work was commenced in October under arrangements made for pur¬ 
chase of material in open market, riprap being delivered on barges near 
the dam at 70 cents a cubic yard. The material was unloaded and 
placed in the dam by hired labor. Work was continued until the end 
of November, when it was suspended for the season. 

The expenditures were: 


30 mooring-piles. $156 31 

5,474.92 cubic yards riprap. . . ... 5,09780 

Engineering and contingencies. 2,27153 


7,525 64 

The foundation of the dam was completed, and the base of dam 
widened throughout its length. The revetments below the dam were 
extended to a length of 150 feet on both banks. The dam is now con¬ 
sidered secure, though incomplete. The available balance will be ap¬ 
plied toward the completion of the prism of the dam. It will probably 
be necessary to revet the head of the island, as it is being cut away to 
some extent. The channel has continued good in this vicinity. 

ALTON DAM. 

/ 

Owing to the early setting in of winter less work was done toward 
extending the revetments below the dam than was intended. The west 
abutment now extends 235 and the east 220 feet below the centerline 
of the dam. These lengths will probably be sufficient, but the revet¬ 
ments are incomplete in height. When last reported the height of the 
dam was stated to be 10 feet above low water. The height was materi¬ 
ally reduced by the ice this spring, by very heavy fields passing over 
the dam when the river broke up. 

The expenditures ou the dam were: 


569.68 cubic yards riprap.$652 17 

Engineering and contingencies. 44 23 


59640 

It is proposed, to complete the revetments this fall. No complaint 
has reached this office of any failure of the dam in practical results. 
Local interests frequently urge that the dam be raised so as to be a 
high-water dike, available for a roadway, to which proposition no engi¬ 
neering objections can be raised. 

PROTECTION OF SAWYER BEND. 


No work was done at this locality for want of means. The old revet¬ 
ment has been somewhat injured where the ice has cut through the rock 
facing. The damage is not serious, but it is hoped that means will be 
provided at the comiug session of Congress for the continuation of this 
work. 

LONG DIKE, NEAR VENICE. 


For reasons given in ray last year’s report nothing has been doueat 
this locality. 

The work remains in the same condition as at the date of last report. 
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A survey and estimate of damages, if any, done or to be doue to ripa¬ 
rian owners, by reason of the Government improvements, has been 
ordered, and will be made as soon as practicable, when a report will be 
submitted. 

CLOSING OAHOKIA CHUTE. 

This work was anthorized by special clause in the appropriation bill 
of August 14, 1876; providing $29,600 toward the construction of a low 
dam and the revetment of Arsenal Island. The island was being cut 
away by the river so rapidly that it was necessary to devote the whole 
appropriation to securing the remnant of the island and the site of 
the proposed dam. A low revetment was made of part of the west side 
of the island for a distance of 600 feet, in two sections of 450 and 150 
feet, respectively, being separated by a projecting clay point, which, pro- 
trudiug beyond the line adopted for the final eastern limit of the river, 
was left unprotected in order that it might be cut away. On the east 
side of the island the immediate vicinity of the dam was protected by 
a revetment 750 feet in length, extending 450 feet below the line of the 
dam. This revetment was carried to the top of the bank. The eastern 
or Illinois shore was also revetted for a distance of 500 feet. 

The expenditures were— 


2,478.8 cubic yards riprap, west shore of Arsenal Island. $2,832 61 

8,092.3 cnbic yards riprap, east shore of Arsenal Island-*. 9,268 04 

5,542.7 cubic yards riprap, Illinois shore. 6,192 12 

Engineering and contingencies.*. 2,665 84 


Total. 20,958 61 


Nearly all the work on the Illinois shore, and nearly one-half of that 
on the east side of the Island, was done in February and April of the 
present year. All this work is iu good condition. But little more can 
be done until further appropriation is made. The estimate for the dam 
is, as stated in last report, $75,000 for a low dam. 

The projected closing of this chute compels a consideration of the 
consequences which will result therefrom to the harbor and commerce 
of Saint Louis. Heretofore the expansion of the waterway at the island 
into two channels, either capable of passing the whole volume of the 
river at ordinary stages, has relieved that portion of the harbor below 
the bridge from dangerous pressure when ice was runniug, and the west 
bank in the vicinity of the island has for many years been considered 
one of the safest wiuter-harbors on the river. On December 3, 1876, 
the ice gorged in the Cahokia Chute, compelling the whble body to pass 
down the Arseual Channel. The immediate consequence was the total 
loss of several steamers and barges, and material injury to many others. 

The losses were at first estimated at nearly $200,000; but as the river 
was wholly blocked iu a few days, and remained firmly closed for two 
months, some of the sunken boats were raised, and others endan¬ 
gered were secured, lessening the final loss. Much appreheusion was 
felt lest, when the ice broke up, all the remaining boats should be de¬ 
stroyed. Fortunately the gorge in Cahokia Chute rad out February 1, 
the other chute remaining closed uutil the 8th; consequently the hard 
ice of the harbor found an open passage on the opposite side of the 
river to the exposed property, and little damage was done. The expe¬ 
rience of the last winter irom natural causes affords an illustration of 
what will be the yearly experience when the chute is closed by a dam. 
There will then be no place within convenient distance of Saint Louis 
where boats can lie during the winter with reasonable safety. The 
touuage employed on the upper rivers will be compelled to retire to 
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Alton Slough betimes, and that of the lower river, of which a con¬ 
siderable part canuot pass under the bridge, will have no refnge,and 
must. remain away from Saint Louis, or incur the risk of being lost 
should a sudden intense cold find them there. As the inevitable result 
of closing the chute will be to deprive the tonnage of Saint Louis of its 
only ice-harbor, it seems necessary to call attention to the danger, and 
to suggest a remedy; for the interests of commerce demand that there 
should be a winter harbor of refuge in the immediate vicinity of Saint 
Louis. T.he proposed dam is a necessary improvement, and, in my opin¬ 
ion, can readily be so designed as to afford a much better winter harbor 
than has ever existed. 

If the proposed dam be made a high one, the pool below it will afford 
a perfectly secure and easily-accessible harbor, provided it can be kept 
from filling up with saud. With a high dam and the side-protection of 
the island there would be little dauger of the pool itself filling; tbeouly 
problem would be to keep a sufficient entrance to it open. 

I am confident that this can be done by extending the point of the 
island artificially to within a short distance of either the railroad em¬ 
bankment aud incline opposite Garondelet, or within like distance of a 
dike, which might be constructed near the Bessemer Iron Works, aud 
near the proposed location of the Saint Clair and Caroudelet Bridge. 

Having made no special surveys for the purpose, I am not able to sub¬ 
mit any estimate of the cost of modifying the project as suggested. The 
fact that a part of the Working-equipment belonging to the United States 
shared in the danger of last winter mentioned above, and to a small ex¬ 
tent in the damage, compelled me to share in the anxiety felt by all in¬ 
terested in the exposed property, and justifies this proposition to exteud 
the projected works with a view to obviate such risks hereafter. 

The sudden and unexpected formation of ice at so early a date ren¬ 
dered it impracticable to remove the Government property from the 
locality, which the results showed to be a dangerous one, though judging 
from former experience, uo one could have selected a place less likely to 
be dangerous. 

From comments made last winter, it would seem that comparatively 
few comprehend the nature of ice-risks in the Mississippi, which are 
rnnch more serious thau would naturally be expected, considering only 
the latitude and mean climate at Saint Louis. 

Ice forms aloug the margin of the river at a temperature of about 
+20° F. and below. Owing to the rapid current it is continually being 
detached, and as the temperature falls, the quantity becomes very great 
By attrition between the masses it is reduced to the form of mush-ice, 
which in extreme cold becomes more compact, and when the river is full, 
heavy masses are cemented together under pressure by u regelatmc^ 
While moving, the mass is often several feet in thickness and capable 
of crushing vessels by pressure, when its soft condition and very slow 
movement scarcely suggest the thought of almost resistless power. In 
this state it arrives at some part of the river exceptionally narrow or 
shoal; in the former case the mass is compacted together on the surface 
and solidities very quickly underpressure; other ice following, piles 
upon its surface and is drawn under until a complete dam is formed and 
the ice is said to be gorged. This dam arrests both ice and water until 
the accumulated head furnishes energy either to break through the dam, 
cut around it, or to lift the dam high enough to detach it from thesides; 
when the first or last contingency occurs the movement is rapid, aud no 
human device can avail to save whatever is exposed. During the last 
winter the gorge iu Arsenal Chute was found by actual measurement to 
be 22 feet in depth, and the water-level, at one time, 8 feet higher at the 
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Arsenal than at Elwood street, Carondelet, 3 miles below. With these 
facts in mind, it is easy to understand why such serious disasters some¬ 
times occur; indeed the wonder is that any thiug escapes. 

The losses from ice at Saint Louis since 1865 must aggregate over 
$500,000. Should the opportunity uow available at Arsenal Island not 
be improved, and the chute be allowed to silt up, as would naturally re¬ 
sult from a low dam, there would then be no opportunity to secure a 
harbor of refuge within 30 miles of the city. I therefore recommend the 
matter to the consideration of Congress, aud those interested, as worthy 
a close examination. 

HORSETAIL BAB. 


As stated in the last annual report, the navigation at this locality 
was extremely bad during a great part of the season of 1876, furnishing 
occasion for much complaint, and criticism of the work which had been 
done for its improvement. The facts concerning which there could be no 
dispute were, that after an unusually loug high-water period, attended 
with very active erosions in the vicinity of Arseual Island, (Horsetail 
being the natural place of deposit for this eroded material,) the bed of 
the river was filled with sand to the height of about 10 feet above low- 
water mark; the dikes atHhat time were none of them higher than 8 
feet above low-water; it is therefore plain, that with a depth of 
channel of ouly 6 feet and a stage of water above 14 feet, the dikes 
could have been exerting no influence either beneficial or injurious; 
they, therefore, did not cause the difficulty, and are only chargeable 
with the failure to prevent it. 

The work done in the years 1873 and 1874 was chiefly designed to 
relieve the difficulty at the then bar opposite Jefferson Barracks. The 
difficulty now referred to was located nearly 2 miles farther up stream, 
a locality where previous to 1875 there had been no trouble since 1870. 
Wheu this bar made its reappearance in 1875, works were commenced 
with a view to its removal; this work, begun in October, 1875, had not 
progressed far enough to exert any appreciable influence when suspended 
in December for want of funds. No additional means were provided 
until the latter part of September. 1876. As soon as practicable, after 
that date, work was resumed and vigorously pushed. Owing to the 
raising the dikes, and the fall of the river, a channel was scoured out 
which became available October 23, one month and two days after the 
work was begun. 

This channel gradually deepened until the close of the navigation, 
affording from 6£ to 9 feet, which latter depth was maintained through 
the early spring of 1877, at stages varying from 8 to 12 feet. The dikes, 
therefore, acted promptly and satisfactorily, as soon as the stage of 
water brought the channel within their influence, and continued to do 
so uutil the water rose to a stage which prevented further observation 
or inquiry concerning them. 

As a result of the year’s operations, dikes 1, 2, and 3 are raised to a 
height that will briug them iuto action when the river falls below an 18- 
foot stage, and we may, therefore, anticipate that the difficulties which 
were experienced iu 1875 and 1876, while the river was falling from 15 
to 9 feet above low-water, will not be repeated in the same locality. 
There is, however, a possibility that there may be trouble farther down 
stream, owing to the insufficient height of dike 4 and incomplete state 
of dike 5. With the means now on hand it is the intention to resume 


work with the expectation of beiug able to prevent serious trouble, if 
there should be a tendency of the mean-stage channel to run across dike 


4, which is the only danger anticipated. 
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Dike 5, as has been stated in previous reports, crossed a small tow- 
head, which last year proved a weak point, the tow-head being cat in 
two just below the dike, and producing a break iu its continuity, which 
it will be necessary to fill. When this dike is restored and dike 4 raised, 
(which last need not be done unless the tendency of the channel de¬ 
mands it,) the system of dikes perpendicular to the current will be 
practically complete to an extent justifying the commencement of strain¬ 
ing wall to connect the outer ends. 

In European river improvements these training walls have been foand 
necessary to success, aud this improvement has often been sharply crit¬ 
icised because all the work hitherto done has been upon a series of per¬ 
pendicular dikes or wiug-dams, which, of themselves have been always 
found unsatisfactory, and the question is often asked, why the longitu¬ 
dinal dike has not been built. The reason is, that in all cases the longi¬ 
tudinal dike mas be connected with the bank by cross-dikes, and the 
order of coustructiou must be governed by circumstances. In a narrow 
stream, where the longitudinal dike can in uo place be more than a few 
hundred feet from the bank, the construction of the cross dikes is a 
matter so easy that they may well be made numerous, and be built as 
the longitudinal dike progresses, or even after it. Bat in a wide river, 
where the improvement contemplates narrowing the bed nearly one- 
third, or even oue half of its width, it would not be prudent to follow 
the precedent of smaller streams too closely. With unlimited supplies 
of means it might be possible to carry on both kinds of work with equal 
steps; but, (as is the case with all Government works in the United 
States,) when appropriations bear no fixed relation to estimates, it is 
necessary to conduct the work so as to secure results, although the con¬ 
ductor may be well aware that under other conditions the work could 
be better done another way. 

If, then, but one kind of work can be done at a time, which is the 
better: to build cross-dikes first, which will have a certain effect in 
pushing the channel toward its desired position, though not as com¬ 
plete as desired, aud await the opportunity to construct the training- 
wall; or to build the wall first, which for great part of its length must 
be far out from the bank, and incur the probability of the chaunel get¬ 
ting upon the wrong side of it, a danger ouly to be averted by making 
the longitudinal dike high and massive? 

The contemplated traiuing-wall in this case must eventually extend 
from the ferry dike, opposite Oarondelet, to the western side of Carroll’s 
Island, opposite quarantine, a distance of 21,000 feet. Consideration of 
its cost per running foot will sufficiently answer the question of order 
of construction, for a low training-wall will cost $5 or $6 a foot, and the 
higher near $20. This answer was and is deemed conclusive. The 
cost of this traiuing-wall has never distinctly appeared in the estimates, 
being classed with protective works, estimated in the aggregate at 
$4,000,000, (see Report of Chief of Engineers, 1875, volume 2, Appendix 
C C, page 402;) this particular estimate is $126,000. The wall, as es¬ 
timated, is designed to restrict the channel within the lines at low- 
water, but not to be high enough to be itself exposed to injury by ice. 

The expenditures during the year were— 


Dike No. 1: 

28 mooring-piles. $188 U 

11,268.6 cubic yards riprap, raising the dike from 6 feet to 15 feet above . 

low-water. 12,996 68 

Engineering and contingencies. 49090 


13,675 69 
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Dike No. 2: 

21 mooring-piles. (141 10 

5,357.3 cubic yards riprap, raising the dike to 14 feet above low-water for a 

distance of 1,000 feet. 5,983 04 

Engineering and contingencies. 223 41 


6,347 55 

Dike No. 3: 

24 mooring-piles. (161 24 

19,832.5 cnbic yards riprap, raising the dike to 13| feet above low-wnter for 

a distance of 1,335 feet. 22,554 70 

Engineering and contingencies. 842 87 


23,558 81 

DikbNo. 4: 

2,306 cubic yards riprap at shore end revetments and stem of dike . (2,548 14 

Engineering and contingencies... 93 80 


2,641 94 

Dike No. 5: 

5,626 cubic yards riprap placed in breach made by washing away of tow-head- (6,437 77 
Engineering and contingencies. 242 79 


6,680 56 

All work was done by hired labor with material purchased in open 
market. 

It is proposed to continue the repairs of dike 5, to raise dike 4, and 
to commence a section of longitudinal dike the present season, with 
funds now available. 


PORT CHARTRES DAM. 

No work has been done at this dam, which is in good condition, 
though incomplete. In order to preserve the favorable condition of 
'channel in this vicinity the revetment of a portion of Fish Bend will be 
necessary, aud also part of the Illinois shore opposite the island. 
Length of protection necessary, 18,000 feet, at an estimated cost of 
$234,000. 

TURKEY ISLAND DAM. , 

A small amount of work was done at this dam in October, 1876, 
toward filling the prism. The site is inaccessible when the river is 
low; consequently work can only be done on it at intervals. The work 
already done is in fair condition. No work is contemplated here the 
present season. 

The expenditures were— 


l, 865.75 cnbic yards riprap. (2,559 18 

Engineering and contingencies.».. 414 21 

Total... 2,973 39 


KASKASKIA BEND. 


The specific sum set apart in the act of August 14,1876, having been 
withheld uutil April 19, 1877, no work has been done. The caving has 
progressed rapidly since the special report was made. The least distance 
between the two rivers March 18,1876, was 2,080 feet; on May 16, 1877, 
it was reduced to 1.504 feet, since which time it is reported that the 
caving continues. The caving during low stages was located nearer the 
head of the bend than was anticipated when the report was written. 
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The amount available will, therefore, be applied to that partof the bend 
the coming fall. It will be necessary to continue the work until the 
whole distance estimated is protected, requiring further appropriations 
to amouut of $37,000. 

REVETMENT NEAR LIBERTY ISLAND. 

This revetment, commenced in 1875, has been extended during the 
year 2,700 feet, making the length of bank now partially protected to 
the height of about 12 feet above low water, 6,474 feet, which covers the 
most important part of the caving. It would be desirable to carry the 
revetment higher up the bank, but no funds are now available for the 
purpose. An allotment of $15,000 is desired to continue the work. 

The expenditures during the year were— 


11,607.82 cubic yards riprap .$17,254 17 

Engineering and contingencies... 1,215 12 

Total.... 18,469 29 


DEVIL’S ISLAND. 


Work at. Devil’s Island was resumed March 7, 1877, and continned 
until the 15th of April, when it was suspended on account of the quarry 
being flooded. An erosion occurring at the east end of dam No. 2 dur¬ 
ing the latter partof April and first of May, endangering its connection 
with the shore, caused the necessity of procuring stone at the stages 
then prevailing. In order to do this a berme was raised at the quarry 
to 27 feet above low-water, thereby rendering it available at that and 
lower stages. 

Following the order in which the work here was done, the work of, 
March and April was on revetment above and below dike No. 1. That 
above was extended to the length originally contemplated, say 1,000 feet, 
and was raised to about 15 feet above low-water. Its height is not very 
regular, however, as the stage of water changed frequently while the 
work was being done, and was above the height contemplated for the 
revetment part of the time. Therefore this revetment may need some 
labor to trim it when the stage of water reuders it practicable. 

Below the dike 250 feet was revetted to the top of the bank, covering 
the space originally protected by spur-dikes. The spurs had been 
damaged to such extent as to seriously impair their usefulness. Scour¬ 
ing had reached such depths that repairing the dikes, so as to restore 
their usefulness, would have been very expensive. It was considered 
better to cover the space to be protected with a continuous revetment, 
and to use the available s(one from the dikes in the revetment. 

Expenditures were as follows: 


5.308.91 cubic yards riprap.$7,591 74 

Engineering and contingencies... 459 75 


Total 


8,051 43 


The next work in order of time was repairing and raising dam No. 
2, which was doue in the latter part of May and first of June. The 
east bank was revetted 400 feet above and 250 feet below the dam, and 
risiug from low-water level at either end to the top of bank at the dam. 
The east end of the dam was extended well back into shore; the west 
end strengthened, and the dam slightly raised. It may be desirable to 
raise it more at a lower stage of water, when the work can be economi 
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cally done. The stage of water was not unfavorable when work was 
suspended there, but we changed to darn No. 1 iu order to secure its 
east end while it was accessible, and since then the river has risen so 
much that it is unfavorable for work at both dams. 

The expenditures appear as follows: 


3,615.79 cnbic yards riprap. $5,170 58 

Eugineering and contingencies. 596 26 

Total...... 5,766 84 


Work was commenced on dam No. 1 June 21, and continued to the 
close of the month. The east end was strengthened so as to be considered 
secure, unless a radical change in the direction and velocity of currents 
should take place. Work of filling the gap was well advanced towards 
completion, but as the gap is widening slowly it is difficult to esti¬ 
mate how much stone will be required to complete it. It commences 
at a point about 400 feet from the east end of the dam and extends 250 
feet westerly, and was a dry bar wheu the dam was built, iu 1875, the 
bar extending at that time 050 feet from the east shore. This is not the 
gap left at close of the working season of 1875 near the west end of the 
dam, which was filled with sand during the high-water of 1870, the top 
of the sand being now about 24 feet above low-water. 

Expenditures were— 


2,017.95 cubic yards riprap.$2,885 67 

Engineering aud contingencies. 299 23 

Total. 3,184 90 


The work remaining to be done on the works commenced in this 
vicinity will probably be filling a gap near shore in dike No. 1; filling 
the gap in dam No. 1, aud raising dam No. 2 to 14 feet above low-water; 
and among works for preservation, the protection of Minton’s Point 
should receive favorable consideration when other allotments are made 


DICKEY ISLAND TO MOUTH OP THE OHIO. 


Under the provision of the act of August 14, 1876, requiring $30,000. 
to be expeuded within the limits above specified, work was begun in 
October last and continued until the close of the season. The plan 
described in the special report dated February 5, 1876, was followed 
with successful results. The eddies between the old spur-dikes which 
were beiug enlarged and threatening to break through the maiu levee 
iu the rear of Cairo were stopped, and about 500 feet of bank above 
them partially protected, the total length of bank protected being 1,500 
feet. Owing to the sudden closing of navigation the revetment was 
not made as high as intended, but the condition of the work wheu last 
visited was unchanged. A considerable balance of the allotment re¬ 
mains available, which will be applied this fall to raising and extending 
the protection. It is very important that the work so begun should be 
extended as soon as possible to the full extent estimated, requiring far¬ 
ther appropriations to the amount of $142,000. 

The expenditures were— 

156 piles. $800 79 

2,234.78 cords brush... 6,468 22 

5,162.21 cnbic yards riprap. 8,861 80 

engineering aod contiugencies.*... 2,548 57 

18,679 38 
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Reviewing the resalts of the efforts to improve this section of the 
river since their beginning in 1872, we have to admit that some expec¬ 
tations have not been realized, because too much was expected by oar- 
selves as well as by the public. Mauy contingencies have arisen which 
have increased the cost of individual works beyond what was hoped; 
still it can be said that as yet it has not been necessary to exceed the 
estimated sum at Any locality. Looking forward to future work it is 
suggested that unless Congress is disposed to grant more liberal appro¬ 
priations than have been given hitherto, it will be advisable to modify 
the plaus and limit each year’s w ork to one or at most two localities, 
and take up new undertakings only as those now begun are completed. 
In 1874, in confidence that the report of the select committee of the 
Senate would result in the prosecution of improvements on a liberal 
scale, the field of operations was considerably enlarged. Since then 
the act of March 3, 1875, led to the commencement of work at Piasa 
and Liberty Islauds, and that of August 14, 1876, ordered further ex¬ 
pansion of the field by works at Cahokia Chute, Kaskaskia, and near 
Cairo. As a cousequeuce of these congressional orders, some of the 
works previously beguu have remained untouched for the want of the 
funds diverted to new works which were ordered, while the whole appro¬ 
priation remained at the uniform figure of $200,000 annually, except in 
the case of Cahokia Chute, for which special provision was made. 

By commencing works theGovernment has committed itself at a num¬ 
ber of poiuts, aud awakened expectation that something useful will be 
done at each ; if these works stop or progress slowly, these expectations 
are disappointed and complaints are made against the administrative 
bureau, which, if justified at all, should rest upon the legislative branch 
of the Government. So far as the matter is left to the discretion of the 
engineer in charge the policy hereafter must be to devote all available 
means to the prosecution of works already began, to the entire exclu¬ 
sion of all new undertakings until these are complete. 

It cannot be disputed that there are new works needed at several 
points as urgently as those now in hand, but the financial limit is abso¬ 
lute aud the engineers not at fanlt. 

The estimated amounts required to complete works already begun 
are— 


Piasa Island Dam, begun in 1875, virtually ordered by Congress. (17,474 36 

Alton Dam, begun in 1872, virtually ordered by Congress. 7,035 15 

Sawyer Bend protection, begun in 1872, virtually ordered by Congress .... 50,270 95 

Veuioe Dikes, begnu in 1872, virtually ordered by Congress. 3,658 15 

Closing Cahokia Chute, began in 1876, virtually ordered by Congress.... 83,641 39 

Horsetail Bar, began in 1873, not ordered, bat aiost important work on 

whole section. 19,606 41 

Horsetail Bar protective work, not began, but essential. 126,000 00 

Fort Chartres, begun in 1874, not by order. 9,750 00 

Turkey Island, begnn in 1874, not by order. 8,101 61 

Kaskaskia, ordered in 1876, not yet began. 37,000 00 

Liberty Island, ordered in 1875, virtually by provision. 8,140 71 

Devil's Island, not by order, 1874, very necessary. 30,026 14 

Cairo protection, ordered in 1876. 153,820 68 


Appropriations required to finish. 555,425 49 


It will be seen that the works undertaken under the discretionary 
authority of the Bureau of Engineers in 1873 and 1874 require to com¬ 
plete them $193,484.16, and that the balance of the estimate, $361,941.33, 
is for works ordered directly or by implication by Congress. Of these 
latter. 
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Sawyer Bend . 
Kaskaekia .... 
Liberty Island 
Cairo. 


$50,270 95 
37,000 00 
8,140 71 
153,820 62 


249,232 28 

are protective works for which the principal influence toward obtaining 
the order came from local interests. In order that the proper commit¬ 
tees may have before them the full extent of the possible field for such 
applications, a list of localities is given where the banks are caviug to 
a greater or less degree, covering the river from the Missouri to the 
Ohio: 


Opposite month of Missouri. 

Sawyer Bend. 

Above Widow Beard’s Island.. 

Near Smith’s Landing. 

Near Harrisonvi lie. 

Near Harlow’s or Perry’s Towhead 

Fish Bend.. 

Fort Chartres Landing. 

Big Fields below Saint Genevieve 

Kaskaskia and vicinity.. 

Bois Brule, below Saint Mary’s.... 

Liberty Island. 

Above Big Eddy. 

Grand Tower Island.. 

Near Poe’s Lauding.. 

Minton’s Point ..... 

Cape Girardeau Bend. 

Dog Tooth Bend. 

Thompson’s.. 

Greenleaf’s Bend. 

Dickey Island to Ohio. 

Bird’s Bend. 


36,000 feet caving moderately. 

27,000 feet caviug moderately. 

14,000 feet caving slowly. 

17,000 feet caving fast. 

5,000 feet caviug slowly. 

17,000 feet caving slowly. 

20,000 feet caviug very fast. 

15,000 feet caving slowly. 

17,000 feet caviug slowly. 

21,000 feet caving very fast in part. 
27,000 feet caviug slowly. 

26,000 feet caviug slowly. 

14,000 feet caving rapidly. 

21,000 feet caving slowly. 

9,000 feet caving slowly. 

4,000 feet caving rapidly of late. 
19,000 feet caving very slow. 

20,000 feet caving moderately. 

6,000 feet caviug moderately. 

25,000 feet caving rapidly. 

17,000 feet caving rapidly. 

30,000 feet caving rapidly. 


407,000 feet. 

In addition to these, which are all confined to the main bank, there 
would be engineering reasons for the protection of islands at various 
points iu direct counectiou with improvements of the channel, amount¬ 
ing in the aggregate to 80,000 feet, to which may be added the work of 
defining the eastern limit of the river in front of Saint Louis, and ex¬ 
tending to Carroll’s Islaud, 63,000 feet, making a total length of 550,000 
feet, the cost of which will vary from $6 to $20 per foot. Taking the 
mean at $13, there is a total estimate of $7,150,000. Of this aggregate, 
(by shortening the measurements to what would probably be necessary 
to protect,) 327,000 feet remaius as the estimate of necessary protections, 
which, at $13 per foot, as above, would cost $4,251,000, which is reasona¬ 
bly near the approximate estimate of $4,000,000 given in the report on 
transportation routes, Report of Chief of Engineers, 1875, Part II, 
page 492. 

SURVEYS, 

No surveys were made except such as were required for the final 
location of new works at Cahokia Chute and near Cairo, and a partial 
resurvey at Horsetail Bar, in connection with the work at that locality. 


EQUIPMENT. 

No additions have been made to equipment during the year. Two of 
fhe barges first purchased having become worthless for further service 
were sunk to form part of foundations; the remainder of property is on 
hand and most of it is in good condition for further service; but three 
more of the old barges will have to go out of service the coming year, 
being too old for repairs. As this will reduce tlie number o^ervipeable 
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barges below the requirements of the work, it is hoped that appropria¬ 
tions will allow the purchase or construction of four new barges, at an 
estimated cost of $13,000, the ensuing year. 

The prosecution of the works the last season by purchase of material 
in open market and by hired labor has been very satisfactory, material 
having cost fully one-fifth less than it was ever obtained for by contract, 
and in quantities so large as to materially reduce the cost of transporta¬ 
tion. The competition in open market is very sharp, and successful 
competitors are much more closely bound by the consideration that 
others would gladly take their place, than by a nominal bond which all 
experience shows will not be enforced; besides, payments monthly iu 
full make it easier to carry on the furnishing of material than if a per¬ 
centage is retained, an advantage which enables material to be procured 
at more favorable rates. 

STATISTICS. 

In obedience to the requirements of the circular from the Chief of 
Engineers, dated March 9,1877, a special effort was made to obtain sta¬ 
tistics of the commerce of this portion of the Mississippi Eiver. In 
addition to the general movements in the direction of the river, informa¬ 
tion was also obtained concerning the movements of freight across the 
Mississippi by ferry and transfer of cars by water in order to show the 
importance of the harbor facilities at Saint Louis in relation to the business 
of the railroads, a relation which has heretofore received little attention, 
although, as will be seen by reference to the statistics, this transfer 
business is in proportion to the river freightage proper as eight to ten 
nearly. The labor of obtaining and compiling the statistics, which has 
been very considerable, was done by my chief clerk, S. S. Hutchins, 
whose report is appended^hereto, and to which I respectfully refer. 

The work is located in the collection-district of New Orleans. 

The amonnt of revenue collected at the port of Saint Louis for the fiscal year ending 
June 30, 1877, was $1,422,642.93. 

Construction account. 


Name of work. 1 

i 

i 

i 

i 

Amonnt expended 
previous to July 
1, 1876. 

Amount exponded 
during year end¬ 
ing Juno 30,1877. 

_ - 

© 

a 

s 

Ha 

ii 

is 

2 

H 

Amonnt required 
to complete. 

! i 

j 

• 

I * 

! © 

H 

Piasa Island Dam. 

$16,210 73 

$7,525 64 ! 

$23,736 37 

$17,474 36 

$41,210 73 

Alton Dam. 

31,368 45 | 

696 40 

32,064 85 

7,935 15 

40,00000 

Sawyer Bend protection. 

91,940 67 . 
36,341 85 . 


91, 940 67 
36,341 85 
20,958 61 
40, 549 53 
21,911 58 

50,270 95 
3,658 15 
63,641 39 

1 

142,211 68 
40,000 60 
104,600 00 

Closing Cahokia Chute. 

Horsetail Bar, dike 1. 

Horsetail Bar, dike 2. 

26, 873 84 

15, 564 03 

20, 958 61 

13, 675 69 
6.347 55 ! 

Horsetail Bar, dike 3. 

Horsetail Bar, dike 4. 

47, 506 81 I 
38, 648 17 ‘ 

23,558 81 | 
2,641 94 t 

71,065 62 
41,290 11 

} 19.606 41 

221,502 

Horsetail Bar, dike 5. 

20, 399 05 ! 

6,680 56 1 

27,079 61 

J 


Fort Chartres Dam. 

36, 812 86 . 

36,812 86 

9,750 00 

46,562 96 

Turkey Island Dam. 

Liberty Island Dam. 

21, 490 46 j 
5,053 91 *. 

2, 973 39 , 

24, 463 85 
5,053 91 
35,116 97 
58,468 38 

8,101 61 

32,565 46 
5,653 91 
43,257 63 

Liberty Island protection. 

Devil’s Island, uike 1. 

16,647 68 
50, 416 89 

18, 469 29 1 
8,051 49 , 

8,140 7i 1 

) 

Devil's Island, dam 1. 

Devil's Island, dam 2. 

Cairo protection. 

43,084 06 , 
9,479 18 i 

3.184 90 ; 

5, 766 84 

18,679 38 I 

46,268 96 
15,246 02 
18,679 38 

> 30,026 14 

153,890 62 

150,000 00 

172^500 00 

Totals. 

507,838 64 " 

139,210 49 ! 

647,019 13 

392,425 49 

| 1,039,465 12 


Note.— The changes made in first column from amounts shown in report for previous year consist 
of unimportant errors then made, and are due to that statement being hastily prepared in advance uf 
the records being fully written np. 
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Property and material account. 


Class of property. 


Office furnitnre. 

Instruments and survey material. 

Five pile-drivers... 

Sixteen barges and one quarter-boat. 

Two tow-boats, one small tug and expenses 

Small boats. 

General expenses of property. 

Material and quarry privileges. 

Tools. 

Quarters for workmen, shops, &o. 

Totals. 


Balance 
July 1,1876. 

Dr. 

Cr. 

Balance 
July 1,1877. 

$500 55 


$120 00 

$380 55 

850 00 

$3 66 

3 00 

850 00 

10,071 39 

398 12 

259 00 

10,210 51 

40,339 46 

3,129 36 

13,499 22 

29,969 60 

56,402 84 

21,729 55 

30,870 02 

47, 262 37 

166 82 

104 17 

175 00 

95 99 

13, 495 49 

4,555 59 


18,051 08 

1,961 70 

110,671 27 

166, 824 99 

2,807 98 

1, 915 00 

2,516 10 

3,437 28 1 

1 993 62 

2,177 79 

2,161 91 

759 00 1 

1 3,580 70 

127, 881 04 

145,269 07 

158,947 51 j 

114,202 60 


Engineer Office, United States Army, in account with United States. 


Dr. 


Cr. 


To allotments for surveys and ex¬ 
aminations at various dates prior 

to July 1,1876. 

To appropriations for improvement 
of the Mississippi River between 
the Illinois and Ohio Rivers prior 

to July 1, 1876 . 

To appropriation for improvement 
of channel of Mississippi River 
opposite Saint Louis, (closing Ca- 
hokia Chute,) approved August 

14,1876. 

To appropriation for improvement 
of Mississippi River between Illi¬ 
nois and Ohio Rivers, approved 

August 14, 1876. 

To unpaid percentage on annulled 

contracts. 

To liability for labor, (non-payment 

account). 

To liability for material. 

To liability for office supplies. 


$48,008 77 

725,000 00 


29,600 00 

200,000 00 

900 17 ! 

4,781 85 
112 67 
9 00 I 


i 

By expenses of office.1 $39,353 64 

By general engineering. 25,871 38 

By surveys.i 75,531 58 

By constructions. 1 647,049 13 

By balance on account of property.. t 114,202 60 

By cash on band and in Treasury..) 106,404 14 


Total 


1,008,412 47 


Total, 


1,008,412 47 


Money statement. 


July 1,1876, amount available. $15,724 68 

Amount appropriated by act approved August 14, 1876. 229,600 00 

si-$245,324 68 

July 1,1877, amount expended during fiscal year. 138,920 54 

July 1,1877, outstanding liabilities. 5,803 69 

J -- 144,724 23 


July 1, 1877, amount available. 

Amount (estimated) required for completion of existing project. 

Amount that can be profitably expended in fiscal year ending June 30,1879. 


100,600 45 
6,729,600 00 
500,000 00 


COMMERCIAL STATISTICS. 


United States Engineer Office, 

Saint Louis , Mo., July 24,1877. 

General : To comply with instructions from the Chief of Engineers, requiring a 
statement of statistics of commerce of the Mississippi River between the months of 
the Illinois and Ohio Rivers, yon issued, April 2,1877, a circular requesting information 
upon the subject. This circular was forwarded to persons engaged in business at all 
points along the river within those limits except Saint Louis, and requested each to fill 
up and. return a blank form sent with it, showing their receipts and shipments by river 
of all articles in alphabetical order, with estimated value of each, during the year 1876. 
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The uuraher of circulars distributed and responses received appears as follows: 


Locality. 


Grafton, Ill. 

Portage ties Sioux, 111 

Alton, Ill. 

Harriaonville, III. 

Prairie du Rocher, III 
Saint Genevieve, Mo . 

Saint Mary's, Mo. 

Kaskaskia, Ill. 

Chester, 111 . 

Roekwood, Ill. 

Witten bura, Mo. 

Grand Tower, III. 

Cape Girardeau, Mo.. 

Commerce, Mo. 

Rush Power, Ill. 

Cairo, 111. 

Total. 


c 

a> 

c 

' 1 
i £ 

1 5 

© 

1 

1 10 

4 

* 3 


! 77 

39 

2 

1 

1 

1 

' 2d 

15 

I 13 


1 3 


25 

1 10 

4 

2 

| 7 

2 

9 

9 

41 

41 

7 

3 

1 

1 

1 

1 


232 133 


From the information thus reoeived, and from that contained iu the published report 
of Mr. George H. Morgan, secretary of the Merchants’ Exchange of Saint Louis, withad- 
tional data obtained trom him and other sources, the accompanying statement has been 
compiled, and is submitted with the following explanatory remarks: 

This statement shows approximately for all points between the Illinois and Ohio 


Rivers. 

Receipts, tons... 1,222,631 $38,000,716 40 

Shipments, tons. 874,009 60,761,262 fc4 


Total, tons. 2,096,730 98,761,979 24 

The above total, however, is evidently less than the true amount, since of the 232 
persons crilled upon 99 failed to respond, though full returns are included of Saint Louis, 
Grand Tower, Cape Girardeau, and Cairo, which cover over 95 per cent, of the whole. 

It may be stated, too, that the destination of sliipmeuts from the several points is 
unknown; hence, in summing up the receipts, some items are necessarily repeated; 
yet as Saint Louis, which represents the greater tonnage and value, is doubtless the des¬ 
tination of nearly all these items, the result would not be disturbed to any appreciable 
extent. 

Some replies to the circular contained no weights, bat gave quantities of certain 
items in the most convenient unit with valne, while others specified quantities or 
weights, and omitted valne. The difficulty in determining deficient weight and valne 
in some of these cases was overcome by assuming the unit of weight or value supplied by 
other returns, and applying the same to like items where not given. The report of the 
secretary of the Merchants’ Exchange of Saint Louis and the files of the Saint Louis 
Market Reporter aided also very materially in fixing average prices and weights per 
unit of many of the leading articles. 

Special requests were made for information showing the tonnage and value of the 
ferry and harbor business of Saint Louis, of which full returns were furnished, bat a por¬ 
tion of them were deficient in detail, presenting the information in a manner too gen¬ 
eral to admit of its use without aid from other sources. That given, however, with the 
weights and values per unit of many articles of merchandise transported, already 
ascertained, furnished the data from which the inclosed estimated statement was 
prepared. 

The aggregate of this statement shows 1,627,083 tons, with a valne of $79,695,928, 
which, added to the receipts and shipments for all points on the Mississippi River be¬ 
tween the Illinois and Ohio Rivers, as shown above, gives a grand total of 3,723,813 
tons, with a value of $178,457,907.24. 

Of course, as has been demonstrated, absolute accuracy is not claimed for this result: 
hut, considering the oharacter of the information, and the method of putting the same 
in shape, it is hoped it will aid in conveying an approximation to the extent and value 
of the tonnage of the river within the limits stated. 

Very respectfully, your obedient servant, 

S. S. Hutchins. 

Gen. J. H. Simtson, 

Colonel of Engineer8, U. S. A . 
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Statement showing approximately the extent and value of commerce of the Mississippi Hirer 
between the mouths of the Illinois and Ohio rivers for the year ending December 31, 187(3. 


Receipts. j Shipments. 


Locality. - 

J I 

| Tons. 

Estimated value. 

Tons. 

| Estimated value. 

Grafton, Ill.| 3,038 

I*ortage des Sioux, Ill. *.'. 

$157,159 00 

39, 445 

$226, 825 00 

-Alton, Ill.! 43,700 

Saint Louis, Mo.1 1,143, 806 

Harrisonville, 111.1 655 

Erairie du Rocher, 111.| 535 

Saint Genevieve, Mo. 3,934 

Saint Mary’s, Mo.. 3,109 

TLaskaskia, III. *.*. 

1,104,687 26 
34, 478,175 17 
40, 884 15 
7,091 00 
228, 653 47 
8,918 00 

13,408 
607, 769 
5, 684 
2,431 
46,570 
3,894 

i 943, 287 94 

55, 745, 837 55 
95, 439 45 
141,551 00 
541,224 52 
199, 505 00 

Chester, Ill . 5,8*28 

Itockwood, Ill.., "360 

"Wittenbur^, Mo. 296 

Grand Tower, Ill.| 1,047 

Cape Girardeau, Mo.■ 2,003 

Commerce, Mo. Ill 

Rush Tower, 111. 4,124 

i23, 043 30 
16,525 00 
153, 516 75 
356,240 84 
395,331 46 
36,135 00 
116, 500 00 
777,856 00 

5,544 , 
1,229 
3,928 1 
41,508 ! 
16, 138 
838 

275, 012 70 
65, 392 50 
225, 622 00 
339,109 85 
1,015,408 41 
28, 469 00 

Cairo, Ill. 10,085 

85,653 

918,577 92 

Total.:.j 1,222,631 

38,000, 716 40 

874,099 

60,761,262 84 


* No retains received. 


Statement showing approximately the extent and value of ferry and harbor transportation at 
Saint Louis , Mo. f during the year ending December 31,1876. 



Tons. 

Estimated value. 

General merchandise transported by ferries both ways across the Mis¬ 
sissippi River at Saint Louis.-. 

1,437,470 
148,188 
41,425 

$79,255,596 40 
371,263 04 
38, 626 31 
30,442 25 

1 79. 695. 9*28 00 

Coal moved in harbor of Saint Louis. 

Stone moved in harbor of Saint Louis. 

Towing in harbor of Saint Louis.... 

Total. 

1. 627. 083 




Empty cars, empty wagons, carriages, and buggies with teams and passengers, not 
included. 
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ANNUAL REPORT OF LIEUTENANT EDWARD MAGUIRE, 
CORPS OF ENGINEERS, FOR THE FISCAL YEAR ENDING 
JUNE 30, 1877. 


United States Engineer Office, 
Headquarters Department of Dakota, 

Saint Paul , J/mn., June 30, 1877. 

General : I have the honor to submit herewith my annual report for 
the fiscal year ending June 30, 1877. 

Very respectfully, your obedient servant, 

Edwd. Maguire, 
First Lieutenant of Engineers. 

Brig. Gen. A. A. Humphreys, 

Chief of Engineers^ U. S. A. 


IMPROVEMENT OF MISSOURI RIVER ABOVE THE MOUTH OF THE YEL¬ 
LOWSTONE. 


A letter from the office of the Chief of Engineers dated March 21, 
1877, informed me that, in addition to my other duties, I was placed in 
charge of the work of improving the Missouri River above the mouth of 
the Yellowstone. 

Upon investigation I found that there were three reports upon this 
subject: One by Maj. Charles R. Suter, Corps of Engineers, (Report of 
the Chief of Engineers, 1875;) one by Capt. C. W. Howell, Corps ot 
Engineers, (Report of the Chief of Engineers, 1868;) and one by Mr. 
Thomas P. Roberts, published by the War Department in 1875. Each 
of these reports recommended improvements in but general terms. 
As no detailed surveys have ever been made, it was impossible for 
them to do otherwise. Still they are definite enough to show that the 
work should be commenced in the upper portion of the river within the 
first 300 miles from Fort Benton, where the obstructions to navigation 
consist of a series of rapids difficult of passage in consequence of the 
slight depth at low-water stage and the rapidity of the current. Of 
these rapids Dauphin’s, Cow Island, and Two-Calf Island are mentioned 
in the reports as demanding the first attention, and the opinions of 
steamboatmen, as expressed to me, coincide with that conclusion. Of 
these three, Dauphin’s Rapids present the greatest difficulties. 

In view of the above a party, consisting of one assistant engineer, one 
recorder, one overseer, aud twenty-three men, was organized in this city 
and started for Dauphin’s Rapids on the 11th instant. 

The remoteness of the scene of operations from all depots of supplies 
and the uncertainty of the time of arrival and departure of the steam¬ 
boats necessitated the purchase at once of material of such a nature and 
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in such quantities as to supply all needs in any contingency which may 
arise. 

An escort of one company of the Seventh Infantry was requested, and 
it was ordered to meet the working party at Daupkiu’s Rapids not later 
than the 25th instant. In addition I obtained, upon requisition on the 
chief ordnance officer of the Department of Dakota, 24 rides and 3,000 
rounds of ammunition for use by the party in an emergency. 

Permission was obtained for the purchase of the rations from the sub¬ 
sistence depot at Fort Buford, and the rations will be drawn for sixty 
days at a time. 

Water-gauges will be established and a detailed survey of the imne: 
diate locality of the work will be made directly after the arrival of the 
party. Gauges will also be established at Carroll and Fort Buford, if 
any one can be found at those points who will, for a reasonable compen¬ 
sation, keep a record of the stage of water. The assistant engineer was 
furnished with a thermometer and an aneroid barometer, and it is hoped 
that it may be possible to run a line of levels between the points. $y 
the above means it is thought that information more detailed thau that 
which we now possess of the nature and habits of the river will ke 
obtained. 

The main work will consist in procuring a channel of a width of 30) 
feet, \f practicable, and of a depth of 4 feet at low-water stage. This 
will necessitate the removal of reefs, bars, and bowlders by “grabbing” 
or blasting, and the construction of wing-dams of brush or stone so dis¬ 
posed as to obtain a sufficient amount of water and diminish the veloc¬ 
ity of the current, If found to be necessary. For the work there will 
be used one scow rigged with a derrick and “stone-grab,” one dwelling- 
boat, one working-boat, and one yawl, or “batteau,” as it is termed by 
the lumbermen in this section of the country. 

The party will move the escort and itself from point to point by means 
of these boats. It is expected that at least the work on the three poiuts 
mentioned above will be completed during the coming season. 

At the close of operations the material will be stored at Carroll, in 
order to be at hand, and to save the expense and trouble of transpor¬ 
tation in case there should be an appropriation to coutinue the work 
another year. 

I would respectfully recommend that the work during the season of 
1878and 1879 be commenced at the Marias Rapids, and, proceeding down 
stream, clear the channel at Hip’s Rapids, Drowning Man’s Rapids, 
Snake Point, Bird, Bear, and Lone-Pine Rapids, and Grand Island. For 
this purpose I would recommend that $30,000 be appropriated, as it is 
believed that that amount can be profitably expended. 

The portion of the river between the rapids and the Yellowstone bas 
not been*referred to, because, as stated above, ir is a well-settled opinion 
that the stretch in which the rapids occur should receive the first atten¬ 
tion, and there will be a sufficient amount of work in that section to 
occupy a party for another season. • 

statement . 


Amount appropriated by act approved August 14, 1676.$20,000 00 

July 1, 1877, amount expended during fiscal year...$4,589 33 

July 1. 1877, outstanding liabilities. 951 04 

- 5,540 37 

July 1, 1877, amount available. 14,459 63 


Amount that can be profitably expended in fiscal year ending June 30, 1879. 30,000 00 
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SUPPLEMENTARY REPORT. 

Cow Island, Mont., September 18, 1877. 

General: I have visited the party at work at Dauphin’s Rapids, and 
have found that the work is not only more difficult, but far more ex¬ 
tensive than was to be expected. The bed of the stream is almost 
literally paved with bowlders for a distance of at least half a mile. I 
was led to believe, from Roberts’s report, that there were but few bowl¬ 
ders scattered here and there through the channel. 

I have also learned that there are other points above Dauphin’s 
which must be improved before the river will be navigable in low-water. 
There are seventeen places above Dauphin’s which should be attended to. 

In view of this, I would request permission to change the recommen¬ 
dation (contained iu my annual report) for an appropriation of $30,000 
to one of $75,000. 

With this amount three parties can be worked to good advantage, - 
and there can be purchased for each party a small engine, a thing that is 
very much needed for working the rakes and facilitating the operations 
in other ways. 

I have been unable to send this letter earlier, on account of the want 
of any means by which to do so. 

Very respectfully, your obedient servant, 

Edwd. Magcjire, 
Lieutenant of Engineers , V . S. A . 

Brig. Gen. A. A. Humphreys, 

Chief of Engineers , U. S. A. 
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ANNUAL REPORT OF COLONEL J. N. MACOMB, CORPS OF 

ENGINEERS, FOR THE FISCAL YEAR ENDING JUNE 30, 

1877. 

United States Engineer Office, 
Rock Island , III ., July 12, 1877. 

General: I beg leave to submit herewith the annual reports upon 
the several works in my charge for the fiscal year ending on the 30th 
June, 1877, together with the estimates for continuation or maintenance 
of these works for the fiscal year ending on the 30th June, 1879. 

In submitting these reports the importance of the channels of com¬ 
munication afforded by the upper Mississippi and Illinois rivers is 
clearly shown by the information giveu uuder the head of “ statistics of 
commerce aud navigation,” in the report of Assistant C. W. Durham, 
upper Mississippi River, and under the head of “ statistical and com¬ 
mercial information,” in the report of Assistant R. A. Brown, Illinois 
River. And as the works for improving the navigation, which are in 
progress or are contemplated on different points on the Upper Missis¬ 
sippi River, are all to be regarded as having for their chief object the 
perfecting of the through navigation, the commercial exhibits above re¬ 
ferred to are deemed sufficient to justify the outlay for all the separate 
works, which indeed may be regarded as but parts of the general scheme 
of improving the upper Mississippi River. 

I remain, very respectfully, your most obedient servant, 

J. N. Macomb, 
Colonel of Engineers , U. & A . 

Brig. Gen. A. A. Humphreys, 

Chief of Engineers , U. S. A. 


P i. 


IMPROVING UPPER MISSISSIPPI RIVER. 


The Montana, United States snag and dredge boat, has been em¬ 
ployed in removing snags, leauing trees, and building low dams tor the 
permanent improvement of the Mississippi River. The allotment of the 
season of 1876 of $10,000 was not sufficient to keep her running all sum¬ 
mer, but much useful work was done in the collection of commercial 
statistics, of which tables were compiled by Assistant Engineer C. W. 
Durham, and give a very full statement of the commerce of the Missis¬ 
sippi River. 

The resignation of Capt. John B. Davis, formerly captain of the Mon¬ 
tana , made a vacancy to which Mr. C. W. Durham was appointed. The 
experience of Mr. C. W. Durham in the surveys of the upper Missis¬ 
sippi River, and his good management and executive ability, make him 
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a peculiarly fit person for this position. The pilot of the Montana, Mr. 
David Tipton, is considered one of the best river experts on the upper 
Mississippi. 

Juue 1, United States Civil Engineer M. Meigs was ordered to report 
to me for duty in connection with the improvement of the upper Missis¬ 
sippi, and was given general supervision of the works mentioned below: 

Improvement of the upper Mississippi River; improvement ot the harbor of Fort 
Madison, Iowa; improvement of Rush Chute, and the harbor of Burlington, Iowa; 
removal of a bar in the Mississippi River opposite Dubuque, Iowa. 

Mr. Durham’s report up to June 8, 1877, and Mr. Meigs’s report there¬ 
after, give in detail the work performed by the Montana for the fiscal 
year ending June 30, 1877. 

ESTIMATE. 

For new irou hull, steel boilers, transfer of machinery, and rebuilding the 

Moutana. §66,500 00 

For current expenses of the “ Montana ” for the fiscal year ending June 30, 

1879. 25,000 00 

Total. 91,500 00 


Money statement . 

July 1,1876, amount available. $1,609 86 

Amount appropriated by act approved August 14,1876. 30,000 00 

31,609 86 

July 1,1877, amount expended during fiscal year. 14,857 65 

July 1, 1877, amount available. 16,75*2 21 

Amount that can be profitably expended in fiscal year ending June 30,1879. 91,500 00 


The improvements at Keokuk and at Kock Island are now near 
completion, and the encouragement of steamboat navigation seems to 
demand that some system of improvement shall be applied to the ob¬ 
structions by shoals and sand-bars, which will hereafter be the control¬ 
ling features of navigation. Mr. Meigs and Mr. Durham, in their reports 
appended below, give reasons for these improvements, and the following 


ESTIMATE. 

For construction of permanent improvements at shoals in the Upper Mis¬ 
sissippi, by building brush and riprap damn, all of which can be profit¬ 


ably expeudod during the fiscal year ending Jane 30,1879. $75,000 00 

Money statement . 

Amount (estimated) required for completion of existing project between 

Saint Paul and Montrose.. $617,393 01 

Amount that can be profitably expended in fiscal year ending Jane 30,1879 75,000 00 


IMPROVEMENT OF THE HARBOR OF FORT MADISON, IOWA. 

The contract for furnishing stone for this work has been let, and the 
work will be begun immediately. Mr. M. Meigs, whose'report is here¬ 
with submitted, estimates that— 

The completion of the work will need the balance of the original estimate. $30,186 87 
Appropriated Augn6t 14, 1876. 10,000 00 


Balance. 20,186 87 

all of which can be ^advantageously applied iu the fiscal year ending 
Juue 30,1879. 
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Money statement . 


Amonnt appropriated by act approved August 14, 1876. §10,000 00 

July 1,1877, amount expended during fiscal year, .. §312 55 

July 1,1877, outstanding liabilities... 50 88 

- 363 43 


July 1,1877, amount available. 9,636 57 


Amonnt (estimated) required for completion of existing project. 20,186 87 


Amount that can be profitably expended iu fiscal year euding June30,1879 . 20,186 87 

IMPROVEMENT OF RUSH CHUTE, AND THE HARBOR OF BURLINGTON, 

IOWA. 

The bids for furnisbiug stone for the beginning of this work have 
been advertised, aud will be opened July U5, 1877. Mr. Meigs, in his 
report, which is herewith submitted, estimates that the completion of 
the work will require the balance of the original estimate, and it appears 
from a recent examination at the head of Kush Chute that the difficul¬ 
ties of navigation at that place are increasing. 

ESTIMATE. 


Original estimate'. §35,221 70 

Appropriated August 14, 1876... 10,000 00 


Balauce 


25,221 70 


All of which can be advantageously expended in fiscal year ending 
June 30, 1879. 

Money statement . 


Amount appropriated by act approved August 14, 1876. §10,000 00 

July 1,1877, amount expended during fiscal year. §33 33 

July 1, 1877, outstanding liabilities. 38 88 

- 72 21 


July 1,1877, amount available. 9,927 79 


Amount (estimated) required for completion of existing project. 25,221 70 

Amonnt that can be profitably expended in fiscal year ending June 30,1$79. 25,221 70 


REMOVAL OF A BAR IN THE MISSISSIPPI RIVER, OPPOSITE DUBUQUE, 

IOWA. 


The coutract for this work (dredging) will be let toward the latter 
end of July. The original project for this work has been changed, in 
consequence of altered local circumstances and the insufficiency of the 
appropriation, as set forth by U. S. Civil Engineer M. Meigs, in his 
report herewith presented. 

It is proposed to remove the bar by dredging, to afford immediate re¬ 
lief. and to build a training-wall opposite to the month of Xew Barney 
Cut, to direct the water of the river parallel with the shore and prevent 
the formation of the bar in the future. The estimate for this last work is : 


ESTIMATE. 


20,000 onbio yards loose rook, at §1 per cnbio yard 

Brush-work foundation. 

Engineering, contingencies, &c. 


§20,000 00 
3,000 00 
2,300 00 


25,300 00 
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Money statement. 

Amount appropriated by act approved August 14,1876. $15,000 00 

July 1, 1877, amount expended during fiscal year. 583 18 

July 1,1877, amount available. 14,416 82 

Amount (estimated) required for completion of existing project. 25, 300 00 

Amount that cau be profitably expended in fiscal year ending Jane 30,1879. 25, 300 00 


REPORT OF MR. C. W. DURHAM, ASSISTANT ENGINEER. 

United States Engineer Office, 

Bock Island, III , JancS, 1877. 

Colonel: I have the honor to present my report on the Improvement of the 
upper Mississippi River, from June 30, 1876. to June 8, 1877. 

OPERATIONS OF THE UNITED STATES STEAMER MONTANA. 


On September 12,1876,1 received instructions from you to get the Montana ready 
for service, and continue operations for the improvement of the navigation of the 
upper Mississippi River. 

A few days were consumed in making the necessary repairs, purchasing cordage and 
provisions, and shipping the crew ; and, on September 23, the Montana got under way 
and proceeded up river, arriving at La Crosse on the eveniug of the 28th. On the way 
up we removed snags, leaning trees, and other obstructions at or near the following 
localities: Dark Slough, Maquoketa Slough, Hurricane Island, Cassville Slough, Glen 
Haven, Crooked Slough, and Brownsville. 

On morning of September 29 we rigged up the shears and proceeded to a point 
about one-half mile below' La Crosse, for the purpose of removing from the channel a 
large sunken barge. After 18 hours hard labor we succeeded in detaching it from its 
bed of sand, and towed it into shoal water outside of the channel. 

On October 1 and 2 the crew of the Montana were employed in making an examina 
tion of the river in the vicinity of the new bridge of the Milwaukee and Saint Paul 
Railroad Company, near LaCrosse, Wis., in the course of which work some 1,500 sound¬ 
ings were made. 

On October 3 the Montana prooeeded up river, arriving at Saint Paul on the evening 
of the 7th. Between La Crosse and Saint Paul large numbers of snags, leaning trees, 
Ac., were removed at or near the following named localities: Dakota, Queen’s Bluff, 
Winona, Argo Island, Wild’s Landing, Fountain City. Rolling-stone Slough, Chimney 
Rock, Mouut Vernon, Minneiska, Davis’s Bend, West Newton Chute, Pine Island, Beef 
Slough, Crats’s Island, Wabasha, Reed’s Lauding, and Diamond Bluff. 

Left Saint Paul on morning of October 9, and ran down to Nininger Slough Bar, 
having made, on the way, an examiuatiou of the bar at Pig’s-Eye Island, with a view 
to ascertaining the effect of the dam built in 1874 for the improvement of the bar. 
About five hundred soundings were taken. Some overhanging trees were also removed 
at Red Rock and Pine Bend. Ou the morning of October 10 began the construction of 
dam No. 2, across the mouth of a slough at Niniuger Slough Bar which slough diverted 
a considerable body of water from the channel. 

Dam No. 1 was built in 1875, about £ mile farther up the river, across another slough, 
and it is thought that the combined effect of both dams will be to permanently improve 
navigation at this locality. The rock for dam No. 2 was quarried from Niuiuger Bluff, 
about 1 mile below the site of the dam, carried up ou tbe bow of the “ Montana,” and put 
in positiou, the total amount being about 555 cubic yards. The dam was completed 
October 14. 

Ou morning of 16th left Hastings and proceeded down' tbe river, arriving at La 
Crosse about noon of tbe 18th. Snags torere extracted and other work dobe between 
Hastings and La Crosse at or near the following points, viz, Half-moon Bend, Waoenta, 
Read’s Landing, Crats’s Island, Beef Slough, Davis’s Bend, Homer, Trempeleau, and 
Queen’s Bluff. During the afternoon of the 18th made an examiuatiou of tfce various 
chutes below the new La Crosse bridge, in order to ascertain the changes in the volume 
of water passing through them, caused by the construction of the n6w bridge aud the 
dam at the bead of Minnesota Island ; proceeded down river, arriving at Rock Island 
ou the evening of October 21. Ou the way down worked in Coon Slough, and near 
De Soto, Cassville, aud Bellevue. Left Rock Island ou morning of the 23d, and pro¬ 
ceeded down river to head of Des Moiues Rapids, and thence returning arrived again 
at Rock Island about noon of the 28th. On tbe way up snags and leaniog trees were 
removed at the following places, viz, in Rush Chute, at Devil’s Island, Dallas Chute, 
mouth of Shokoken Slough, Saeurw’ein’s Landing, Kain tuck’s, near Oquawka, John* 
son’s Island, Keithsburg Chute, Denison’s Lauding, Bay Island, and in Muscatine 


From October 28 to 31 a portion of tbe crew were employed in potting the boat in 
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readiness for winter, by unshipping the spars, housing the cordage, tackle, &c., paint¬ 
ing the smoke-stacks, and caring for the machinery, so that no detriment or damage 
might ensue while the boat should be out of commission. 

During the winter the Montana was hauled out on the ways at the Rock Island boat¬ 
yard, and her hull was repaired below the water-line. 


Summary of operations of United States steamer Montana, season o/1876. 


Miles run. 

Trees felled. 

Snags extracted. 

1 

p. 

H 

■5 m 

uP 

a 

i 

Cubic yards of rock 
put in dam. 

d 

2 

e 

& 

a 

'S 

a 

0 

£ 

Length of cruise. 

IS 

Sis 

Tn> 

I s a 

Small, under 8 
inches in 
diameter. 

1,184 

438 

i 

*,095 | 37 

73 

555 

2,340 

6 weeks. 


Also, two barges pulled off shore and set afloat, and one large Sunken barge pulled 
ont of the channel. The river being at a fair boating stage, during the time in which 
the Montana was in commission, it was not found [necessary to use the scraper, and 
therefore the greater portion of the time was devoted to clearing the channel of snags 
and removing overhanging trees. The following table gives a summary of operations 
from 1868, the year in which the’work was initiated, up to and including the season of 
1«76: ' 


Improving Uppzr J/imsaippi River.—Summary ofl operations from 1868 to 1876, inclusive. 




1 


*0 

.U 





1 

2 

1 

3 

£ 

amps extracted. 

K 

ii 



Remarks. 


K 

& 

a 

1 

I! 

ii 

i 

1 

B 

E 

« 

.s 



a 

tn 


£ ! 

GO 

£ 

1 


Season of 1808, Montana 
and Caflfcey. 

329 

344 

1 .....1 



5,904 


475 

1 


Water very high and boats employed 
but little. A small amount of 

Seaton of lt*69, Montana 
and Caffrey. 

595 




. 




dredging was done. 

No detailed report. 

Season of 1870, Montana 
and Caffrey. 1 





i 


Season of 1871, Montana 

405 

656 

33 

33 

3,444 

7,292 

Season fonr months. Built 1,600 feet 

and Caffrey. 

Season of 18TO, Montana 






of wing-dams. 

550 

2,550 

722 

10 


6,730 

Last season of the Caffrey. 

and Caffrey. 







Season of 1873, Montana.. 

3 

16 

2 

11 


2,263 

Piles driven and jetties constructed 
at Pig s Eye, Newport, Rolling 
Stone, and Betsy Slongb. 

Season of 1874, Montana.. 

13 

45 

2 

2 


3,862 

.Three wrecks removed, Pig’s Eye 







Dam bnilt. 

Season of 1875, Montaua.. 

38 

169 

9 

18 


3,535 

Built dam No. 1 at Nininger Slough. 

Season of 1870, Montana.. 

37 

3,136 


2 


1,184 

Built dam No. 1 at Nininger Slough. 
Removed sunken barge at La 
Crosse. Made several surveys. 








Season six weeks. 


'From 1868 to 187*2, inclusive, two boats were employed, the Montana and the Caffreu ; 
the former’s field of operations extending from the mouth of the Illinois River to Lake 
Pepin, and that of the latter from Lake Pepin to Saint Paul. In 187*2, the appropria¬ 
tion being small, the Caffrey was not put in commission, and was soon afterward sold. 
Since that time the Montana has worked over-the whole ground above mentioned. 
From 1868 to 1872, inclusive, large numbers of snags, the accumulations of many years, 
were removed from the channel, and overhanging trees, threatening to fall into the 
river, were pulled back on shore or cut down. Since that time the number of snags 
found in the channel has been very small, owing to the policy of prevention adopted 
in clearing the shores of overhanging trees and those near the bank liable to cave into 
tbe river. The Montana , in 1876, extracted every snag between Saint Paul and the 
bead of Dcs Moines Rapids, and the number was only thirty-seven. The river being 
at a good boating stage during the season, the scraper was not employed, and a great 
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deal of attention was paid to the shores in the bends and on the channel side of the 
river, not only the large trees being removed to a distance of 5 feet from the edge of 
the bauk, but also the smaller ones, which often cause much trouble by sweeping off 
the deck-loads of barges, the channel being vefry close inshore at many places. 

A considerable amount of this kind of work will be required each season to keep 
the river free from snags. 

PERMANENT IMPROVEMENTS. 

The Montana , in the time that she could be spared from her other duties, has with her 
small crew permanently improved two of the worst bars on the river, and a third has 
been eradicated by the Milwaukee and Saint Paul Railroad Company under your direc¬ 
tions, as stated below. 

1. Pig's Eye Bar .—This bar, caused by a diversion of the river into two channels by 
Pig’s Eye Island, has been the terror of navigators since the river was first run by 
Bteamboats. But a few miles below, and in sight of Saint Paul, it was the cause of 
great loss and vexation to steamboatmen, who, when so near the end of their trip, 
were obliged to unload and trausfer their cargoes to small boats and barges. Several 
attempts were made to improve the bar, but without success until the present exist¬ 
ing dam was built in 1874. A survey of the locality was made in 1874, prior to the 
building of the dam, the results of which survey are embodied in sketch No. 1. 

It will be seen that boats going up or down were obliged to pass over a shallow bar 
in either channel. On the bar at low stages there was but from to 2 feet of water, 
and even moderately large steamers were effectually blocked. The contour-lines show 
a sufficiency of water both above and below the bar. A channel had been repeatedly 
dredged through the bar, but the effect was only temporary, it being filled up again at 
the first rise in the river. 

In October, 1874, a dam of loose rock was built from the head of the island over to 
the eastern shore, with its crest about 4 feet above low-water mark. The shore at 
either end of the dam was protected by riprap, as also the bank on the western shore, 
where the diverted and accelerated current impinged. A survey of the locality was 
again made in 1876, nearly two years after the building of the dam, the results of 
which are shown in sketch No. 2. A comparison of the two drawings will enable one 
to see clearly the changes caused by the building of the dam. A permanent channel has 
been cut through the bar with sufficient depth for the largest boats at the lowest stages. 
It may be stated that 3 feet at low water, as on the map, means 3 feet at low water of 
1864, which is by far the lowest ever known, so that at ordinary low water there will 
be a wide channel of from 4 to 4| feet in depth. There is at present much more water 
on Pig’s Eye Bar than on many of the bars below, and if a boat can get up to Pig’s 
Eye it can get over it to Saint Paul without difficulty. At extreme low water of 1876 
there was a 5-foot channel over the bar, but large boats could not avail themselves of 
it, because they were stopped by bars miles below. The channel is also much straight¬ 
ened. This work is the most satisfactory to steamboatmen of any that has been 
accomplished on the upper river. 

2. Nininger Slough Bar. —This bar, some 5 miles above Hastings, Minn., was, next to 
Pig’s Eye, the worst bar on the river. Sketch No. 3 shows the situation in 1874. An 
island divides the river into two parts, aud a portion of the north-channel water went 
down Nininger Slough. There was a very bad bar at the head of the island. Boats 
were often obliged to take the north chute, and, making an abrupt turn around the 
foot of the island, come back into the river through a very narrow passage, or rice 
versa. This route, in dark nights or windy weather, was very difficult and dangerous, 
and at all times troublesome. In 1875, (see sketch No. 4,) a loose stone dam (No. 1) 
was thrown across the chute from the head of the island to the northern shore; in 
1876, it was found that the current in the passage at the foot of the island had become 
reversed, and was drawing considerable water from thechannel into Nininger Slough; 
it was also gradually becoming wider. Accordingly, a dam (No. 2) was built across the 
outer end of the passage, and at present the entire body of water, at low stages, takes 
the main river. Sketch No. 4, from a survey made in 1876, shows the situation subse¬ 
quent to the construction of the dams. The improved channel, of 3$ feet at low water 
of 1864, will afford from 4^ to 5 feet at ordinary low summer water, ample for all pur¬ 
poses of navigation. 

3. Minnesota Island Bar .—Sketch No. 5 gives the results of a survey in 1875, prior to 
the building of the dam. At this locality, some 5 miles above La Crosse, the river is 
divided into two channels by various islands; of these, the eastern channel is called 
La Crosse Chute. 

In former years sometimes one channel, and sometimes the other, was the main 
steamboat channel. 

Sketch No. 5 shows deep water in La Crosse Chute; the difficulty, however, in this 
chute was caused by bars in the upper and lower ends, not shown in the sketch. 
There was also a very bad bar in the main river, at the head of Minnesota Island, and 
this bar was the chief obstruction to this channel. The Milwaukee and Saiut Paul 
Railroad Company obtained authority from Congress to bridge the river at a poiut 
near the foot of Minnesota Island. They wished, however, to construct but one draw 
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for the passage of boats, and were permitted to do this on condition of their closing 
up La Croese Chute in sncli a manner as to remove the bar at head of Minnesota Island, 
and on fulfilling other conditions whicb it is not necessary to state here. Accordingly, 
under your directions, in tbe winter of 1875-76, they threw a dam of piles, brush, and 
rock (seo sketch No. 6) across La Crosse Cbnte, from the head of Minnesota Island to 
tbe eastern shore. They were also obliged to protect the western shore of Minnesota 
Island by riprap, and close up a narrow passage through the island. 

A graphic illustration of the effects of the dam is given in sketch No. 6 from a sur¬ 
vey made in 1876. It will be seen that a wide channel has been cut through the bar, 
and La Crosse Chute below the dam is rapidly filling up. There is now a wide chan¬ 
nel in the main river of a minimum depth of 6 feet at ordinary low water. 

The sketches were made by reductions from maps of accurate surveys, the sound¬ 
ings in great part located by tiiangulatjon. 

I give below a list of bars above La Crosse, and tbe probable cost of permanent im¬ 
provement, from surveys and estimates of M. Meigs, assistant engineer, and myself, 
under your directions, in 1874 and 1875. Should future improvements be made on a 
considerable scale, this part of tbe river would require immediate attention, as the 
bars are the most numerous aud troublesome. 

No <^titLate is given for the improvement of several bars, as the water was go~d at 
tbe time of survey. It often happens that some of the worst bars are, perhaps for a 
season or two, productive of no trouble, but th*i difficulties always return after some 
time has elapsed. Of course, tbeu, if appropriations should be made for the permaueut 
improvement of the river, the points of application should be left to the discretion of 
the engineer in charge, so that the improvement might be made at the worst bars for 
the time being. 


Upper Mississippi Hirer.—List of bars above La Crosse , Wisconsin. 


| Designation. 

Remarks. 

Cost of 
dams. 

1 Frenchman’s. 

One mile below Saint Paul..... 

$4,417 86 


Improved in 1874..... 

Kaposia.. 

Ottcu very bad... 

2,425 34 
3,140 04 
2,796 12 
2,259 36. 
2,798 36 
3,414 20 
7,622 80 

TTpp*-r Red Rock.. 

.do..:. 

Lower Red Rock.. 

.do. 

Newport. 

Two chntos. 

1 Morrimac. 

.do..... 


Very bad........ .. 



Gray Cloud.. 

Sometimes bad..... 

Boulanger's. 


2,307 44 

Head j^ininger Bluff. 

Improved in 1875 and 1876 under head of Nininger Slongh 
Bar. 

.do.... 

Nininger Bluff... 


Nini tiger.. 

Bad cross’ng... 

6,399 40 
2,850 0# 
5,335 06. 

Hastings. 

Channel narrow and shoal. 


Two chutes. 

Diamond Bluff... 

Seliom bad... 

W aeon ta.. 

Often bad.;. 


Below Read’s Landing. 

Above Wabasha. 

.do.... 


.do. 



.do ... 


Crate's Island.... 

Two chntea, very bad...-. 

7, 485 50 
12,747 

15,130 04 

Beef Slough. 

Alma__ 

Series of bad bars. 

.do. 

Piue Island. 

Often bad. 

Above West Newton. 

Sometimes bad... 


Head West Newton Island.. 
Minneiska.. 

.do. 


Often bad...... 


Mount Vernon __ 

Very bad ...... 

5,150.10 

Chimney Rock. 

Very bad generally..... 

Rolling Stone. 

Series of bad bars....... . ... 

12,706 00 
4,651 04 
3,845 50 

Betsey’s Slough. 

Wild’s. 

Argo Island. 

Two chutes.. 

Several chutes..'. 

Sometimes bad..... 

Above Winona . 

Seldom bad.. 


Elevator below Winona_ 

Above Minneopa. 

....do .... 


Legendary.. 


Below Homer__ 

.do. 


Mount Trempelenn_ 

Savers 1 chntea__ 

5,402 30 

Below Trempeleau__ 

.do. 

Queen’s Bluff............... 

Sometimes bad... 

5, 897 13 
5,309 04 

Below Dreshack ............ 

Two chutes.. 

Minnesota Island....... 

Improved 1876........ 


Total oost of dams..’. 


L24,092 75 
75,907 25 

Add for shore-protec, ions, engineering, contingencies, Ac 

Grand total....... 

200,000 00 
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This amount will, in my opinion, cover the entire expense of the permanent improve¬ 
ment. of the bare eat i mated for, and but little annual outlay would be needed to keep 
the dams in repair. 

APPROPRIATIONS. 

There have been appropriated for improving Upper Mississippi River, under tbe 
various beads of 4< Repair, preservation,” &c., “Snagboats and dredges/’ &c., and 
Improving Upper Mississippi River/’ tbe following amounts: 


By act approved March 2,1867... $96,000 00 

By deficiency bill of 1868 . 26,000 On 

By act approved July 11, 1870. 36,000 00 

By act approved March 3,1871 . 42,000 00 

By act approved June 10, 1872 . 42.000 00 

By act approved March 3, 1873. 25,000 00 

By act approved June23, 1874 . 25,00000 

By act approved March 3, 1875. . 25,000 00 

By act approved August 14, 1876. 30,00000 


Total. 347,000 00 


The appropriations heretofore made from year to year have been snfficient only to 
keep the sung-boats in commission with a small crew during the low-water season. 
Experience bos shown, duriug tbe past three years, that dams of loose rock are service¬ 
able and permanent. In order to construct these properly, and at the least expense, 
n large fo»ce should be employed that the work may be done rapidly, thereby saving 
in material, for when the work is slowly done as it progresses tbe scour increases, and 
often at least twice as much rock is required as would be needed if the work were done 
with dispatch. If an appropriation o» from $50,000 to $75,000 could be obtained, in 
addition to tbe nsnal allotment for the Montana, I fiimly believe that from 5 to 10of 
the worst bars could be improved in a single year. I would, accordingly, respectfully 
recommend for the fiscal year ending Juue 30, 1879, an appropriation of $75,000 for 
building dams at such points as may, in tbe judgment of the engineer in charge, be 
most expedient. This appropriation could be expended in the hire of additional men 
and purchase of flat-boats and tools, and the work might be done with the aid of tbe 
Montana , or, if preferred, by contract. 

The Montana is now 13 years old, and it will require a heavy repair-account to keep 
her in a seaworthy condition after next season, aud the expense will increase yearly 
Her machinery is excellent, and conld be used to good advantage in a new boat. The 
boilers would be unsuitable to transfer to another hull, and, consequently, I would re¬ 
spectfully recommend new steel boilers for a new steamer. In my opiuion an iron 
hall to receive the Montana's machinery should be of about the following dimensions: 
Length on deck, 190 feet; beam,37 feet; hold, 5| feet; full mold and transom stem. 
Such a bull, with tbe Montana's machinery aud small cabin for the officers, should not 
exceed 24 inches draught. 

The draught of the Montana is now 3 feet 3 inches, which is too much for effective 
work on the upper Mississippi during the low stages of tbe river. 

Taking into consideration the age of the Montana , her heavy draught, And the large 
amount of money needed annually for repairs, it. would in my opinion be expedieot to 
bnild an iron-hull steamer to take the Montana's place. I give below an estimate d 
funds that could be profitably expended the fiscal year ending June 30, 1879. 

ESTIMATE. 


For permanent improvements by building dams at snch localities as may, in 
tbe judgment of tbe engineer in charge, prove the most serions obstacles 

to navigation at tbe tune the work is initiated.$75,000 00 

For new iron steamer to take the place of the Montana , viz : 

JNew iron hull, including iron deck, deck-frame, boiler-deck, stan¬ 
chions, and engine-timbers.$55,000 00 

Three steel boilers, complete.. 5, 000 00 

•Cabin, sheet-iron wheel-houses, and other upper work. 5,000 00 

Transferring and setting np machinery, &c., in boat. 1,500 00 

Total for iron boat.66,500 00 

For current expenses of steamer Montana and working party tor fiscal year 
ending June 30, 1879. 2 5,000 09 

Total. 166.56® W 
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A permanent and thorough improvement is necessary to revive the freighting busi¬ 
ness of the upper river. Steamboats cannot successfully compete with the railroads 
along the bauks during the low-water season, unless measures are taken to perma¬ 
nently remove obstructions to navigation, the vexatious delays and damage con¬ 
sequent upon which deter shippers and entail great expense upon steamboat-owners. 

Were the obstructions removed cheaper freights would result, and to the benefit of 
the States bordering upon and people interested in the navigation of the river. 

8TATI8TICS OP COMMERCE AND NAVIGATION. 

Lumbci'. 

The most important business interest on the upper Mississippi River and its tribu¬ 
taries is the lumber-trade. The greater portion of the lumber comes from the pineries 
of Wisconsin, and is floated down into the Mississippi from the Saint Croix, Chippewa, 
Wisconsin, and Black rivers. A large amount is also manufactured at Minneapolis 
and the mills above, coming from the Mississippi above the Falls of Saint Anthony. 
Id former years, before the construction of so many bridges, the lumber was floated 
independently of steamboats, but of late small steamers or tow-boats have been used 
to overcome the difficulties attending the passage of bridges, and at present nearly all 
the rafts are towed. There are about 100 raft-boats in the business. 

The estimated total product of white pine floated into the Mississippi in 1876 is 
1,350,000,000 feet, including logs, lumber, sniogles, &c. 

The amount of logs run into the Mississippi from the Saint' Croix, Chippewa, and 
Black rivers in 1876 was about 515,000,000 feet. These logs went to supply the va¬ 
rious mills on the river from Winoua to Saint Louis, and the product was principally 
shipped west and east by rail from the various points of manufacture, a large amount, 
however, going to Saint Louis. In addition to the above, great quantities of lumber 
were manufactured on the Saint Croix, Chippewa, and Black rivers, and afterward 
floated into the Mississippi, aud, being towed in that river for greater or less distances, 
finally shipped by rail to points of consumption. 

The following table shows the amounts of lumber and shingles manufactured on the 
upper Mississippi River and its tributaries in 1876 and 1875, and affords a complete 
estimate of the lumber-trade. Most of the figures were obtained from the Lumber¬ 
man’s Gazette, published at Bay City, Mich. 


Table showing lumber business of Upper Mississippi River and tributaries for 1676 and 1875. 


Names, localities, Ac. 

Lumber cut 
in 1876. 

Lumber out 
in 1875. 

Shingles cat 
in 1876. 

Shingles cut 
in 1875. 

Farnbam A Lovejoy. O. C. Merriman & Co, W. 
D. Wash barn, Minneapolis Lumber Com¬ 
pany, and 96 other firms at Minneapolis. 

w. Sc J. Fleming, B. Stauer, and 6 other firms 
between Minneapolis, Minn., and Dnbnqne, 
Iowa. 

950,300,000 

207,169,000 

95,315,000 

96,490,000 

26,050,000 

25,000,000 

10,050,000 

8,950,000 

Dubuque Lumber Company, Ingram, Kenne¬ 
dy Sc Day, and 3 other firms at Dubuque, 
Iowa . . 

90,400,000 

14,000,000 

10,050,000 

11,000,000 

W. J. Young Sc Co.. C. Lamb Sc Sons. Lamb, 
Byng Sc Co., and 9 other firms at Clinton, 
Lvona, and Fulton . 1 

123,717,000 

122,018,000 

36,150,000 

49,820,000 

Weyerhaeuser Sc Denkman, Ranwiok, Shaw Sc 1 
Cmsaett, Keator A Co., and 9 other firms at 
Rook Inland, Davenport, and Moline. 

104,350,000 

74,550,000 

26,814,000 

27,364,000 

Herahey Lumber Company, P. M. Mnsser&Co., 
S. A J C. At lee, Weston A Co., Tabor A Co., 
and 7 other firms below Davenport. 

91,400,000 

87,375,000 

58,925,000 

63,235,000 

Scholenberg, Boeckler A Co., Hersey, Bean A 
Brown, Isaac Staples, Seymour, Sabin A Co., 
and & other firms on the Saint Croix. 

66,793,000 

75,590,000 

30,195,000 

51,525,000 

Knapp, Stoat A Co., Ban Claire Lumber Com¬ 
pany, Union Lumbering Company, Daniel 
Shaw A Co., and 17 other firms on the Chip- 

Increase Lumber Company, C. S. Coleman, 
John Paul, P. S. Davidson, and 9 other firms 
on the Black River. 

255,866,999 

264,077,000 

79,250,000 

72,500,000 

70,852,747 

62,000,000 

27,475,000 

27,800,000 

Total for Mississippi River and tributa¬ 
ries, (125 firms). 

1,009,729,746 

931,709,000 

374,224,000 

408,674,000 


The total sawing capacity of the mills of the firms above mentioned is 1,244,000,GOO 
feet of lumber per season. 
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The receipts of lnmber at Saint Louis in 1876 from the upper Mississippi River were: 


Feet 

White pine. 112,786,133 

White-pine logs. 8,156,250 

Piece*. 

Shingles. 59,981,600 

Lath. 15,380,750 

Pickets. 6,803,100 


Steamboats and freight. 

The principal steamboat-lines on the upper Mississippi, above Saint Louis, are the 
Keokuk Northern Line, Capt. W. F. Davidson, president; and the Diamond Joe Line, 
Joseph Reynolds, president. Besides these, there are numerous independent boars 
carrying freight and passengers. The Keokuk Northern Line carried in 1876 118,501 
tons of freight up stream, and 139,743 tons down stream ; total amount, 258,244 tons. 
The Diamond Joe Line carried 93,676 tons of freight and 6,824 passengers. 

The total amount of freight carried by both lines and the independent boats, includ¬ 
ing coal, ice, &c., aggregates about 586,896 tons. 

In 1876 the arrivals of steamers from the upper Mississippi at Saint Louis were 908, 
with a tonnage of 376,820 tons. 

In 1866 the arrivals were 917, with a tonnage of 377,804 tons. 

The following table shows the amount of freight in tons received at and shipped 
from Saiut Louis by the upper Mississippi River for 6 years: 



1876. | 

1875. 

1874. 

1873. 

1872. 

187L 

Beoeived*. 

2*4,860 

93,360 

108,100 

96,225 

231,060 

95,800 

281,175 
61,966 

242,584 

55,235 


Shinned . - _ . .. 

78, *67 

w mt 

. •• . 

Total carried.. 

1 

! 318,2*0 1 

1 1 

294,325 

326,860 

343,141 

297, 819 

31*854 


Table showing the aggregate receipts in detail at Saint Louis from the Upper Jdissimpfi 

River in 1876. 


Articles. 

Designation. 

Quantity. | 

Articles. 

Designation. 

j^nantity. 


Barrels. 

45,572 ^ 

Hogs. 

Head. 

R*34 



1,625,50* | 


Bales.. 

44 

Bagging..... . 


54 

Iron and steel. 

Bundles and pieces 

*tf7 

"****“*••••. 


145,122 

Do. 

Tons... 

3* 



38’ 669 

Laid... 

Pounds.. 

36*» 

Beans . 


87 - 

Leather . 

Rolls. 




3,185 

Malt. 

Sacks............. 


Butter..*.. 


3,945 

M il's© and sundries 

Packages. 

168,** 

Cordage and rope_ 


45 

Do. 

Cars .r... 

• 

Cattle".* .... 

Head. 

11,406 

Molasses. 

Barrels ........... 


Castor-beans. 


1 . 

Oats. 

Sacks... 

2i*» 



70 


Bushels........... 


Cheese. 


1,881 | 

Oils. 

Barrels .. 

ijr: 



53 1 

Onions... 

Sacks and barrels 

9M" 



2,242 1 

Pig-iron.. 

Tons. 

Id 

Cooperage. 


8*622 { 

Peltries—furs. 

Packages.. 

*07 

Do. 

Whisky. 

3>9 

Pork .. 

Barrels .. 

13L7t0 

Do. 

Lard-tierces_ 

17,576 

Do. 

Pounds ... 

584, 0® 

Do. 

Lard-kegs. 

26 

Potatoes. 

Sticks and barrels 

A 455 

Do. 

Meat-casks. 

5, 345 

Rye .. 

Sacks. 


Corn. 

Sacks___ 

112,53* 

Rice. 

Packages. 

15 

Do. 

Bushels.. 

24,000 i 

S-eds.. 

Sacks and barrels 

19,09 

Corn-meal.. 

Barrels.. 

4,976 i 

Sheep.. 

Head.. 

10,337 

Cranberries_ 

Packages _ 

1,248 | 

Staves__ 

Thousands__ 

B 

Dried fruit. 

_do.. 

4*6 1 

Sugar.. 

Barrels. 

35 

Begs. 

... .do... 

2,795 | 

Tallow... 

Tierces and barrels 

1,555 

Flaxseed. 

Sacks. 

672 < 

Do. 

Packages. 

55 

Flax tow. 

Bales. 

63 

Tar and pitch. 

Barrels. 

m 

Fish. 

Packages . 

2,288 i 

Tobacco........... 

Hogsheads. 

2*09 

Flour ... 

Barrels _ 

51,040 

Do. 

Packages....._ 

33,033 

Grease.. 

...do. 

595 

Tea. 

Cheats. 

15 

High wines.. 

.. do_ 

908 

Wheat. 

Sacks. 

253,173 

Hay. 

Rales_ 

72, 108 

Do . 

Bushels..... 

*9» 

Horses and males .. 

Head .. 

3,897 

Wines and liquors. 

Barrels.. 

9# 

Hemp. 

Bales. 

166 

Do. 

Boxes and cases .. j 

759 

Hides. 

Pan tills __ 

403,501 

W uola_ 

Pounds.1 

24*238 
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The following table affords a comparative view of the relative amount of navigation 
at various localities on the Upper Mississippi, collated from the “ Report of the Board 
of Engineers on Security of the Navigation of the Mississippi River,” dated January 
31, 1877. 

Statement of steamers, barges , and rafts passing various bridges . 


Locality of bridge. 

Steamboats. 

Barges. 

Rafts. 

Remarks. 

1875. 

1876. 

1 

1876. 

1875., 

1876. 


2,771 

2,471 

1,830 

1,347 


776 


1,136 

930 





600 




Rni’k Inland __ 

1,976 

630 

696 

618 

627 


Kankuk____ 

1 ,590 
2,320 
1,863 
*1, 111 

704 

944 

No record of rafts. 

Oiiiix-y . . .. _ 

650 


283 

Hximiltil ____ 

*1,370 
1,496 

447 

739 

168 

363 


Loniiiiuui___ 

412 

*472 

| 109 

I 

*106 

*1876, record only from January 
1 to September 1. 



CUSTOMS-REVENUE AND TONNAGE. 

That portion of the Mississippi between Saint Paul and the mouth of the Illinois 
River lies partly in the customsniistrict of Minnesota and partly in the customs-district 
of New Orleans. 

Surveyors of customs are located at Burlington and Dubuque, Iowa; Galena, Ill.; 
Saint Paul, Minn.; and La Crosse, Wis. 

I include in the following statement the port of Saint Louis, where the greater por¬ 
tion of the Upper Mississippi boats are registered. 

Customs-revenue and tonnage for the fiscal year ending June 30, 1876, Upper Mississippi 

River. 


Port 


Sdnt Louis, Mo.. 
Burlington, Iowa. 
Dubuque, Iowa .. 
L* Crosse, Wis .. 

Galena III. 

Saint Paul, Minn. 

Total. 


Collections. 

Tonnage 

enrolled. 

Remarks. 

$ l, 568,759 31 
214 75 
1,137 35 
2, 151 19 
6.349 14 
8,676 73 

24,000 
454 
3,307 
3,298 
8,188 
4,234 

6 vessels. 

38 vesse's. 

34 vessels. 


43,461 



INTERNAL REVENUE. 


There are ten internal-revenue districts bordering on the Mississippi River between 
Saint Paul and the month of the Illinois. Each of these districts is composed of a 
large number of couuties, the greater portion of which do not touch the river, but the 
bulk of the business receipts and revenue to the Government come from the sections 
bordering upon the river, and tributary to its navigation and commerce. 

I give below a table showing the designation of the districts touching the river be¬ 
tween the points above named, the residence of the collector, and the amount of collec¬ 
tions for the focal year ending June 30, 1K76. 


District. 

Residence of col¬ 
lector. 

Amount col¬ 
lected year 
endlngJune 
30, 1876. 


Rochester . 

$87,444 24 
161,331 94 
155,278 72 
91,302 80 
181, 898 45 
32<i, 755 86 
314,554 51 
1,299,832 96 
1, 469,504 47 
374,375 45 


Saint Panl . 


Madison . 

Wisconsin . . _,..... ........ 

Sparta ... 

3d Town _ ___..._........... 

Davenport . 

JaWd r-r-T-. i __ r_-__.... 

Dubnque . 

4t.h Town _ ___....._...... 

Burlington . 

3d 1 llinnin___ ............._......................... 

Mount Carroll — 
Quincy . 

4(h T1 linnfft__ _ __ ___ 

4th Minennri __ ___ ___ 

Louisiana . 

A fforrAVAtA _ _____ 


4,456,279 40 

■“-0ft* .••••••••••••••••••**************••••••••••••••• 



All of which is respectfully submitted. 

Very respectfully, your most obedient servant, 

Col. J. N. Macomb, 

Corps of Engineers , U. S. A . 


C. W. Durham, 
Assistant Engineer . 
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REPORT OF MR. M. MKIG8, UNITED STATES CIVIL ENGINEER. 

United States Engineer Officp., 

Rock Island, III., June 30, 197?. 

Colonel : I have the honor to submit the following report on the works of improve¬ 
ment of the Upper Mississippi River. 

I.—REPORT ON IMPROVEMENT OF THE UPPER MISSISSIPPI RIVER. 

Assistant Engineer C. W. Durham’s report contains the operations of the “Montana" 
to June 8, 1877, sol shall not need to refer to her movements prior to that time. Daring 
the winter the Montana lay on the ways at Kahlke & Brothers’ ship-yard at Rock 
Island, 111. 

Under Mr. C. W. Durham’s efficient and economical management and personal sopor- 
vision the Montana was overhauled in the early summer of 1877, and such repairs made 
as were imperatively demanded. Her hog-chains were tightened and the whole boat 
straightened up, new timbers to replace broken and rotten ones were put in, and sun¬ 
dry necessary repairs made, so that she is now in a sufficiently seaworthy condition to 
last the rest of this season. 

Much of the upper work of the Montana is very rotten—so much so that in high 
winds it is in danger of being demolished. During a gale last winter part of the texas- 
deck was raised un some 6 inches, stanchions drawn out, and a very near approach 
made to tearing off part of the forward end of the cabin. 

The design of the Montana, built some thirteen years a^o for a river packet-boat, is 
unsuitable for that of a dredge and snag boat. The inachiuery, though good, is expen¬ 
sive for fuel, and the remodeling of the whole steamer is demanded. I, therefore, 
heartily indorse Mr. C. W. Durham’s report on the same subject, and approve of hh 
estimate for rebuilding the steamer, which I recapitulate below*. 

Ou June 15 the Montana took her crew on board and raised steam for the first time 
this season. 

June 16 to 19 the Montana made a cruise down the Mississippi River to Fort Madi¬ 
son, Iowa, pulling all the dangerous snags found, felling leaning trees, and clemnbg 
u p the shores generally. 

At Fort Madison, Iowa, the Montana took Capt. R. R. Wallace, United States Navy, 
inspector fifteenth 1 ght-house district, and party ou board, in order to assist them is 
distributing light-house supplies and locate new lights to assist in the difficult navi¬ 
gation of the river. The steamer Alice, belonging to the Light-House Department, 
being uuable to cross the Keokuk rapids, it was deemed proper to thus offer assistance 
iu locating these lights. In addition to assisting me in inspecting the sites of the pro¬ 
posed works at Fort Madison and Burlington Harbors, the Montana did much other 
service on this cruise, and several lights were placed by Captain Wallace below Rock 
Island. 

June 20 the Montana left Rock Island for a cruise up the river, reaching Saint Paul 
June 29. On the way thither she removed many daugerous snags and leaning trees, 
and assisted in placing tome 40 lights for the light-house service. 

SUMMARY OF WORK DONE BY THE MONTANA JUNE 16-30, 1877. 


Snags extracted. M 

Leaniug trees pulled back... 

Large leaning trees cut. 351 

Small leaning trees cut.1,743 

Lights located... 

S tandings made. 6® 

Miles run. 722 


ESTIMATE. 


For rebuilding the Montana with new iron hull and steel boilers.$66,5W 

For enrrent expenses of the Montana for the fiscal year ending June 30,1879.. 25, Oft* 
For removal of obstacles to navigation and making permanent improve¬ 
ments . 75, Oft 1 


Total that can be profitably expended during the fiscal year ending 
June 30,1879. 166,500 


II.—REPORT ON IMPROVEMENT OF TIIE HARBOR OF FORT MADISON, IOWA. 


The original surveys and project for this work were made under yonr direction by 
Assistant Engineer C. W. Durham, (see Appendix T, Report Chief of Eugineen, 1876,) 
and the cost of riprap and brush dams was estimated at $30,186.87. 
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An examination was made Jane 17 and 18,1877, with the assistance of the Montana’s 
boats and crew, of the bars opposite Fort Madison, and I find that there have been 
some changes in their position since the date of last survey, (1875.) The bars have 
moved somewhat lower down stream, but the same obstrnctions exist as formerly, and 
ft seems as if more water were being drawn off by way of the Niota Chute, which it is 
proposed to close partially. 

At low-water the same difficult crossings exist at the lower part of the town and 
below Fort Madison, and it is hoped the diversion of two-fifths more water into the 
main stream may have a very beneficial effect on these crossings. 

The bids for furnishing stone for the riprap dam for this improvement were opened 
June 29, and the bid of Mr. Abraham M. Hutchinson, of Keokuk, Iowa, was found to 
be the lowest, at 82 cents per cubic yard, delivered within 1 mile of the site of pro¬ 
posed dam on the Illinois shore of the Mississippi River. I submit the following 

E8TIMATB. 


Original estimate. $30,186 87 

Appropriated by river and harbor act, August 14, 1876. 10,000 00 

Amount needed to complete the work. 20,186 87 


HI.—IMPROVEMENT OP RUSH CHUTE AND THE HARBOR OF BURLINGTON, IOWA. 

Theoviginal surveys and plans for this work were made under your direction by 
Assistant Engineer C. W. Durham in August, 1875. 

An examination of the Rush Chute made by me June 16,1877, shows that the bar at 
the head of the chute has moved down some 200 feet during the last two years and now 
lies almost across the head of the chute, making navigation extremely difficult for 
rafts and steamers. 

It would be a serious calamity to have the channel leave this chute, and the impor¬ 
tance of the work for its protection is very apparent. 

The appropriated amount of $10,000 will suable us to begin the improvement; but 
to make it permanent I respectfully submit the following 

ESTIMATE. 


Original estimate for improvement of Rush Chute and harbor of Burling¬ 
ton, Iowa. $35,221 70 

Amount appropriated August 14, 1876 . 10,000 00 


Balance needed to complete the improvement, and which can be profitably 

expended in the fiscal year ending June 30,1879 . 25,221 70 


IV.—REMOVAL OF A BAR IN THE MISSISSIPPI RIVER, OPPOSITE DUBUQUE, IOWA. 

The original project for this work was also made by Assistant Engineer C. W. Dur¬ 
ham. (See page 696, part I, Report of the Chief of Engineers for 1876, where the 
reasons for the improvement are sufficiently set forth.) Owing to local circumstances, 
the erection of a saw-mill on one of the cut-offs, and the insufficiency of the appropria¬ 
tion made August 14, 1876, I prepared a new project June 13,1877, and submitted it to 
you. This project contemplates the removal of the sand-bar by dredging, in so far as 
the sum appropriated will allow, as this will give immediate relief to the navigation, 
now much cramped for space. 

This project was approved by the Chief of Engineers Jane 20, 1877. The bids for 
this work will be opened at tbe latter end of July, 1877. 


ESTIMATE. 


44,584 cubic yards dredging, at 25 cents.$11,146 00 

Cost of survey. 1,000 00 

Engineering and contingencies. 2,854 00 


Total. 15,000 00 

To complete this improvement and prevent the recurrence of this bar, I would sug¬ 
gest the construction of about 1,000 feet of training-wall, averaging, say, 11 feet in 
height and 35 feet base, from the upper point at New Barney Cat downward toward the 
railroad bridge, thjis directing the current from . New Barney Cut parallel with the 
main stream and preventing the formation of an eddy and the deposit of sand. 

For this work 1 have the honor to submit ibe following 
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ESTIMATE. 


20,000 oubio yards loose rook, at $1 per cubic yard.$20,000 00 

firu&h-work..... 3,000 Of 

Engineering, contingencies, &c. 2,300 00 


Total. 25,300 00 


V.—IMPROVEMENT OF THE MISSISSIPPI RIVER BETWEEN KEOKUK, IOWA, AND THE 
MOUTH OF THE ILLINOIS RIVER. 

The Mississippi River below Keokuk as far as Alton, Ill., embraces many difficult 
shoals aud crossings, which will become of the more importance now that the great 
caual at Keokuk is so near completion, and boats of all kinds, being no longer stopped 
by the Keokuk rapids, will be seeking employment on the upper river. The Light-House 
Department has organized and in working order an admirable system of lights, but to 
stimulate the steauilmat trade on the Upper Mississippi a comprehensive system of 
improvements is needed, aud before executing these, surveys are needed. 

With the surveys made uuder your directiou, (1874 aud 1875,) under the call for sur¬ 
veys of transportation-rontes to the seaboard, we have a very good knowledge of the 

S resent state of the river from Keokuk to Saint Paul. The great improvements at 
«>ck Island, also, and at Keokuk, have bad most admirable surveys made of them, 
but below Keokuk there is a blank, aud to fill this blank I beg leave to submit the 


following estimate: 

For bnilding 1 quarter-boat and outfit complete.$3,000 00 

Five mouths’ hire of a small tow-boat, at $25 per day.. 3,750 00 

Expenses of surveying-party, 5 months, at $1,500../.. 7,510 00 

Draughting, office expenses, &c. 3,000 00 


Total.. 17,250 00 

Very respectfully, your obedient servant, 


M. Meigs, 

United States Civil Engineer. 

Col. J. N. Macomb, 

Corps of Engineers , U. S. A. 


P 2 . 


IMPEOVING DES MOINES EAPIDS, MISSISSIPPI EIVEE. 


The work for the present fiscal year was commenced under an allot¬ 
ment of $115,000 from the appropriation of $230,000 of August 14, 
1876. 

Operations were resumed September 13, and continued without special 
interruption until the close of the fiscal year. The balance of the appro¬ 
priation, g $ 115,000, became available April 11, 1877. 

The work has been eutirely contiued to the caual proper, which is con¬ 
fidently expected to be available for the purpose of navigation by Sep¬ 
tember 1, 1877. 

The locks are all completed, with the exception of some little grading 
aud macadamizing yet to be (lone. 

The machinery for operating the lock-gates at the middle lock is 
entirely completed, and is in good working order. The machinery for 
the lower lock will be completed in a short time, and that for the guard- 
lock is well advanced. Substantial stone engiue-houses and towers 
inclose the machinery at the locks. 

The prism and embankment of the canal will be in condition to receive 
the water by the latter part of August or 1st of September. 

Nothing was done upou the excavation of the channel above the caual 
between Nashville and Moutrose. It is proposed to purchase a dredge 
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and remove the rock already excavated by chisels as soon as a dredge 
can be procured. 

The original estimate for this work (report of Board of Engineers, dated 

July 20,1867) was.$2,530,000 00 

Total amount appropriated to date is. 4,281,000 00 


Under date of December 2, 1871, a Board of Engineers convened at 
Keokuk, Iowa, constituted by Special Orders No. 8, Headquarters Corps 
ot Engineers, dated Washington, I>. C., October 27, 1871, and in their 
report, published in Chief of Engineer’s Report for 1872, gives details 
showing various reasons why the cost was very materially increased up 
to that date. 

For the past four years the work has been mostly done by hired labor 
aud the purchase of material in open market. This work has in almost 
all cases been completed within the estimates. Unfortunately, however, 
during the past two summers, and also the present up to this time, we 
have had a succession of violent storms, again and again flooding the 
entire work and greatly delaying and addiug materially to its cost. 
Insufficient appropriations have also added greatly to the cost on 
account of damage to unfinished work. 

Money statement . 

Amount* appropriated by act approved August 14,1876. $230 , 0C000 

July 1,1877, amount expended daring fiscal year. $106,830 97 

July 1,1877, ontstanding liabilities. 17,518 73 

- 124,349 70 


Jnly 1,1877, amount available. 105,650 30 


Amount ( estimated) required for completion of existing project. 95,000 00 

In addition to the above, the maintenance of the work for the fiscal year 

ending June 30,1879, will require. 40,000 00 

A moan t that can be profitably expended in fiscal year ending June 30,1879.. 135,000 00 


REPORT OP CAPTAIN AMOS 8TICKNEY, CORPS OP ENGINEERS. 


United States Engineer Office, 

Keokuk , Iowa, June 30, 1877. 

Colonel: I have the honor to snbroit the following report of operations for tbe.im- 
proveuient of the Des Moines Rapids of the Mississippi River daring the fiscal year 
ending June 30,1877. 

On the 1st of July, 1876, there were no funds on hand for the prosecution of this 
work, as the appropriation of the previous year had been exhausted. 

The amouut appropriated by act of Congress approved August 14,1876, was $230,000, 
but this did not become immediately available. On the 15th of September, the sum 
of $115,000 was allotted to this improvement, and work was resumed. The remain¬ 
ing $115,000 was made available on April 11, 1877. 

The original project submitted for the expenditure of this appropriation was to com¬ 
plete the work as far as possible, and included the following items, viz: Finishing 
construction of guard-lock; finishing lock and sluice-machinery, engine-houses, &c.; 
finishing lock-gates; building face orriprap wall on canal embankment; finishing rock- 
excava<ion in channel between Montrose and Nashville ; removing cross-banks, &c. 

Owing to tbe manner in which the appropriation was made available, it was decided 
to limit the work- to such portions of the canal as were necessary to get it ready for 
nse as soon as possible, leaving the rock-excavation in the channel above the canal 
until the last. 

Tbe canal, with locks, look-machinery, &c., is now so far advanced, that I confi¬ 
dently look forward to the passage of boats some time in August or September, and the 
improvements already made in the channel above the canal are such as will, I think, 
allow boats to pass, if they are carefully bandied. 

No appropriation was made by Congress for the maintenance of this work during the 
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coming year, and, as the canal will probably be ready for navigation daring the fall 
months, when it is most needed, I suppose it will be neoessary to divert a portion of 
the constructiou-fundrt to that use. 

The following is a detailed statement of the work on the various parts of the im¬ 
provement, all of which has been done by hired labor. 

SECTION-WORK. 

On September 18 a small force was placed at woVk to repair the silt-dam at the 
mouth of Price’s Creek, after which it was transferred to finishing the prism by the 
excavation of a small quantity of rock and some deposits from creeks that were above 
grade and located just below middle lock. 

This work was continued until the 23d of December, when, on account of high- 
water and very cold weather, it had to be abandoned. The rock-excavation, about 
400 yards, was finished, and a large portion of the deposit from the creeks was re¬ 
moved. During the year other deposits have formed, and a small force has bees 
engaged removing the same, although considerably delayed by high-water and the 
severe rains of this season. 

On account of the limited amount of funds on hand, the building of the riprap wall 
was suspended, and so remained until the reserve of the appropriation of August 14, 
1876, became available, when active operations were resumed. 

Wall-layers were started at every portion of the work where it was found practicable. 

Stone was purchased and delivered at all available poiots, and the work pushed as 
rapidly as possible. With the exception of a tew days’ delay, caused by severe storm*, 
the work has progressed unremittingly, with fair results, about 3,000 yards of wall 
having been laid and some 4,000 yaids of stone purchased, a portion of which has not 
been placed yet. 

The following is the present status of the sect ion-work: 

The upper level, from the guard lock to the middle lock, (with the exception of 600 
feet opposite Price’s Creek, and a little above, where the wall is only 4 feet above 
grade,) is in condition to receive the water now, and during the early part of the next 
fiscal year the lower level will also be ready. 

Although the riprap protection-wall on the embankment as well as upon the shore- 
side is not completed, still it will soon be built to the 8-foot or high-water line, high 
euopgh to allow the canal to be used for navigation, and the balance can be fiaishoi 
more cheaply hereafter. 

All of the regular excavation from the prism has been done, but there still remain 
two cross-banks aud some bars, made by the deposit from creeks, to be removed before 
the water can enter. 

The silt-dams at the mouths of the principal creeks emptying into the canal were 
partly washed out by a sudden storm, April 30, 1877, and numerous bars have been 
formed iu the prism by washings from the adjacent blutft, which would not have oc¬ 
curred had water been iu the canal, and this material must be removed, or a large 
portion of it, before the improvement can be used for the purpose intended. 

CHANNEL-EXCAVATION. 

Very little has been done under this head daring the last year. A portion of the 
Montrose coffer-dam was removed by the Keokuk Northern Liue Packet Company, for 
their own convenience and at their own expense, and Government employes removed 
the balance at both ends of, not only the Montrose, but also the Nashville coffer-dam 
No. 2, enabling boats to use the channels as improved, over the upper chain and at the 
approach to the guard-lock. The chisel-boats and dredges were not used during the 
past year. 

GUARD-LOCK. 

On September 13,1876, a force was placed at work to complete the guard-lock. There 
yet remained to be doue the completion of the vertical wall connecting the lock-wall 
with the filling culverts, aud the lower wiog-wall to filling-culverts and slope-wal 
connecting with the riprap wall on the canal-embankmeut on the river-side ; and the 
vertical and slope wall connecting the lock-walls with the shore-line of the canal, and 
completing the grading of the canal-embankment from the pier-head to the filling-cul¬ 
verts. This was all done by December 15, 1876. 

Since the retained balance of the appropriation became available, work was com¬ 
menced on the excavation of the earth and rock in the prism of the canal iu the guard- 
lock section, immediately below the lock, which was finished June 28, and now all 
the guard-lock is completed with the exception of a small amount of slope-wall to 
complete the lower iuside connectious with the shore-line of the canal, the shore and 
riprap walls connoctiug with the dike on the upper end, the grading aud finishing tbe 
grounds about the guard-lock, all of which is uot now necessary to operate the canal, 
and can be done at any convenient season of the year or await a future appropriation. 
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ENGINE-HOUSES. 


In connection with the completion of the guard-lock, there was employed a force oi 
stone-cutters, with the necessary laborers to assist them, who were engaged at cutting 
stone tor building the lower-look engine-house. After the stone was dressed it was 
transported by railroad to the lower lock, where the masons were erecting the building. 

This engine-house corresponds precisely with the plan of that erected at the middle 
lock in 1875. These buildings are put up in the most durable and substantial manner, 
the stone all specially selected from the magnesian-limestone quarry at Sonora, Ill., 
and all carefully and neatly dressed, aud laid iu hydraulic-cement morter. The par¬ 
titions and flue above the foundation are of the best quality of hard brick, manufact¬ 
ured at Quincy, IU. 

The foundations of the building and the engine and boiler bed rest upon the solid 
rock. Th'Se buildiugs are made to contain tne machinery that is used in operatiug 
the lock-gates. Two of these buildings are now completed, and the one for guard- 
lock not begun. 

LOCK-GATES. 

The construction of the lock-gates has received the most particular attention. The 
necessary labor was employed, aud the work begun soon after the funds became 
avilable. 

First, at the middle lock. The completion of the middle-lock gates only required 
the putting in of the suspension rods iu the two upper gates, some of the wicket 
jambs, and the decking. Tin gates are decked with white-oak plank, 3 inches thick 
by 12 inches wide, closdy matched together ; the edge of each plank is grooved to re¬ 
ceive a 1-inch by a f inch tongue in each joint, in the decking, made of perfectly dry 
pine, and wherever there was any .possibility of leaking, it has been well calked with 
oakum. 

On the np|>er gates at the middle and lower locks the decking is placed on the upper 
side of the two lower arch timbers, and above them it is placed ou the upper side of 
the straight timbers. 

The decking is placed in like manner on all the gates, only on the lower gate at the 
lower lock the change from the arch to the straight timber is made on the fifth timber 
from the top, and on the lower gates at the middle lock and all the gates at the 
guard-lock it is made on the fourth timber from the top. This transfer is made to add 
additional water-weight to the gates to prevent the upward pressure on the bottom of 
the gates from liftiog them when a full head of water is on the upper side. 

As soon as an engine and pump could be got ready, the lower lock was pumped out, 
and work was resumed on the gates. The water was all out by October 5, wheu tho 
lock was found to contain about 3 feet of soft mud, which was the cause of consider¬ 
able aunoyance. 

The work on the gates was stopped from December 15 to January 12, and from Feb¬ 
ruary 15 to the 22d, on account of the lock-chamber being flooded by overflows of the 
guard-bank, caused by ice-gorges in the river below. 

We were finally able to complete all the work necessary to be done below ordinary 
water-line before the spring rise of the river, and the work then proceeded without 
interruption. 

The wood-work on the middle aud lower lock-gates has received three coats of paint, 
and all the wrought aud cast iron two coats of mineral paint. 

The gates of the middle aud lower locks were completed by March 20, and the force 
transferred to the gnard-lock to construct those gates. The material was already 
delivered, the most of it having been procured during the previous year, but for want 
of means we were not able to properly care for the timber, and it had seasoned quite 
hard, and was badly out of shape, which made it a difficult matter to work it, and 
greatly increased the labor of dressing and preparing. Very fair progress has been 
made in the construction of these gates. 

The npper ones are completed. The two lower ones are built and suspended, and 
one of them about half decked, and the wickets are in the samo. All of the painting 
yet remains to be doue. 

I had hoped to be able to report them completed at the end of this year, but the 
work was attended with an extra amouut of labor, and there was some delay in receiv¬ 
ing the oak timl>er necessary to complete them. This is now all on hand, and these 
gates will soon be finished. 

The stems aud levers for operating the wickets in all of the gates, except the two 
lower gates of the lower lock, are yet to be put on. 


LOCK-MACHINERY, ETC. 


On September 12 Messrs. Sample, McElroy & Co. were directed to resume the con¬ 
struction of castings and the necessary fitting up of same. 
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On September 13 a foreman and gang of laborers commenced the work of cleaning 
and painting the machinery which had been erected at the middle lock. A great deal 
of work was required to remove rust and thoroughly oil the pulleys, guide and piston 
rods, and other parts of the machinery which had been partially exposed to the 
weather during a period of nearly six months. 

It was also found that a mass of drift-wood had collected and matted together in 
front of the sluice-openings in such a way as to greatly obstruct the flow of water 
through the sluice, which caused an overflow of the upper level that deposited logs 
and drift-wood in the upper recess and about the culverts and gates. All this drift-wood 
was removed from the sluice, the cross-banks at upper ana lower ends of the lock 
repaired and raised, and a pumping-engine having been placed in position, the pump¬ 
ing out of the lock was commenced September 23. 

The upper east-side cylinders, which had been only partially set, were taken up and 
carefully reset; the excavatiou for upper west-side cylinders was completed, and the 
inclosing stone walls for both sides built up as rapidly as possible, iu order to finish all 
stone-layiog before the inclement weather of winter should cause a cessation of work. 

The upper west-side cylinders were set and pipe-connections made with the distrib¬ 
uting-valve in engine-house. 

The cut-stone bases which support the machinery above the coping were bnilt, and 
the iron beams and covering-plates set, and securely anchored down by heavy wronght- 
iron straps bolted to the lower courses of lock wall. All the pulleys were placed in 
position and bolted, and the connections for chain-cables and wire-rope completed; all 
the pulleys on the lock-gates were adjusted, and the guiding-blocks which keep in 
position the chain-cables UBed in opening the gates at lower recess were adjusted care- 
lnlly and firmly bolted down to the solid bed-rock, being a'so backed up by stone. 
After careful experiment, it was deemed best to substitute cylinders 16 inches diameter 
for the 9-inch cylinders at first designed to operate the lower gates. This was accord¬ 
ingly done, and, although a tedious job, requiring great care and close work in a con¬ 
tracted space, the change was satisfactorily accomplished, and the 9-inch cylinders 
taken out were removed to the lower lock, where they were afterward used for the 
upper gates. Coveriug-plates and anchor-straps, which were at first omitted, have been 
placed over the stone bases at lower recesses. 

At the upper recesses cast-iron guiding-circles, supported by columns which are 
bolted to the solid bed-rock, keep in position the chain-cables which open and shat 
the lock-gates. 

These guiding-circles are made in segments, which are accurately fitted together, so 
that (hey receive the same character of strain as that placed upou a perfect arch ; the 
end segments are bolted respectively to the miter-sill and recess-wall to prevent dis¬ 
placement. By this method of taking the pull, great strength and lightness are com¬ 
bined, and an uninterrupted flow of water to the culvert-gates is insured. The iron 
columns and top plate to secure guide-rods, and the inclines on which the movable 
sheaves roll, have all been placed in position, both at upper and lower recesses. 

One iron tower for inclosing the machinery, which is supported by the stone bases, 
has been constructed, but it was deemed best to substitute wood for iron on account 
of the great saving thereby effected, both in cost of material and labor of construction. 
The three remaining towers at this lock were accordingly built of {-inch pine flooring, 
tongned and grooved together, with braces sufficiently close to prevent warping of the 
boards, and each side is so made as to admit of its removal entire, without disturbing 
any other part of the structure. 

All the towers have been painted in three coats externally and two coate internally, 
the wooden towers being carefully sanded with coarse flint sand as a protection against 
fire, and to deter mischievous persons from cutting the wood-work; the roofs are cov¬ 
ered with tin, and provided with ventilators for carrying off* the moisture which con¬ 
stantly arises from the cylinders; doors and windows give entrance to the tower, and 
furnish abundance of light. 

In the engine-houses the doors and window-sashes have been placed in position, and 
all the wood-work painted in three coats. A water-tank with a capacity of about 260 
gallons has been constructed in the attic for supplying the boiler-pump, and for general 
use. 

Some minor changes have been made in the distributing-valve and the machinery 
for operating the same. 

The machinery for operating culvert and lock-gates has been subjected to severe 
tests, from time to time, and fonnd to work satisfactorily, leaviug a large surplus of 
pressure, which can be drawn upon for extraordinary occasions. 

The work at the lower lock, which was resumed in the fall of 1876, is of similar 
character to ttat which has been minutely described in former reports of the middle 
lock. 

The culvert and sluice-gate frames, culvert-gates, gate-stems, wall-brackets, pulleys, 
cylinders, and plates, have all been adjusted and permanently secured. All the stone 
bases for machinery and the wooden towers inclosing machinery are finished. 
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The, wire-rope and chain-cable connections have been made, and the water-pipes 
carried into engine-house, where-the distributing-valves are ouly needed to form the 
connecting-link between the hydraulic cylinders and pumping-engine. 

The hydraulic cylinders used at this lock are of the following sizes: For upper and 
lower culverts, .16 inches diameter; for upper lock-gates, 9 inches diameter; for lower 
iock-gafrs, 16 inches diameter. v 

The pumping-engine and boiler are of same capacity as those at middle lock ; some 
changes in the steam-valve and valve-gear of engine have been made. 

The pumping-apparatns has been tested, and fonqd to be in good working order. 

The wood-work of engine-house is of similar design to that at the middle lock, with 
the addition of a dormer window on the roof for light and ventilation of the attic, and 
the floor-joists are of white pine instead of Georgia hard pine. 

All the work has been carefully executed, and is of a character to endure for many 
years. 

The roof is covered with tongued and grooved pine flooring, felting, and best quality 
Lehigh slate, copper getters, and galvanized-iron hippings and water-pipes. < 

All wood-work inside and outside of engine-house painted in three coats. 

During the prosecution of this work, frequent delays were caused by sudden rises in 
the river about the time of the breaking up of the ice in the spring. Constant watch¬ 
fulness was required to prevent th« destruction of the cross-banks, and consequent 
flooding of the lock. It was fornd necessary to keep the men at work after regular 
boors, and, while the guiding segments were being secured, they were obliged to work 
Sundays as well. 

At the guard-lock the culvert-gates, gate-stems, and wall-brackets are secured in 
position. The work of adjusting the guiding-circles is nearly completed, and the bot¬ 
tom pulleys secured to gates. Workmen are now employed in setting pullejs, and 
blocking for same, on top of gates. 

The necessary castings for the construction of machinery at this lock are now being 
prepared. 

The window-frames and sashes, doors and door-frames, and other parts of the wood¬ 
work for engine-house are being constructed to insure against delay. 

Thesummary of work performed on machinery includes the completion of machinery, 
and appurteuances thereto, at middle lock. 

The completion of machinery at lower lock, (with the exception of the distributing- 
valve,) considerable progress toward the erection of machinery at guard-lock, the com¬ 
pletion of the wood-work for engine-house at middle and lower locks, and some prepa¬ 
ration of window and door fittings for engine-house at. guard-lock. 

Taking into consideration the fact that for little over nine months of the fiscal year 
were men employed in a prosecution of this work, and at least half of that time being 
during the stormy season of the year, good progress has been made toward fipal com¬ 
pletion. 

The gentlemen who have assisted me in the supervision of this work have performed 
their duties with zeal and efficiency. 

I remain, very respectfully, your obedient servant, 

Amos Stickney, 

Captain of Engineeri and Brevet Major , U . S, A . 

Col. J. N. Macomb, 

Corp$ of Engineeri, U. S. A . 


P 3- 

IMPROVING ROCK ISLAND RAPIDS, MISSISSIPPI RIVER. 


The work of excavation at lower chain was closed by a final estimate 
after inspection with the rake of the sounding-machine had proved the 
satisfactory accomplishment of the removal of the dSbris of coffer-dam 
and cribs. Congress appropriated $25,000 for the prosecution of the 
work of improving these rapids August 14,1876, but only $10,000 were 
allotted by presidential direction to be expended for the present. 

Your letter of September 15,1876, apprised me of this fact, and directed 
me to submit a project for the expenditure of this sum at these rapids. 
1 stated that the closing work at these improvements consists in remov¬ 
ing 2,505 cubic yards of rock at the foot of Moline Chain, and that the 
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allotted sum could most judiciously be applied iu commencing the work 
of excavation by raeaus of chisel right away, because each single cubic 
yard disposed of at that place would benefit navigation. I proposed 
further to be allowed to prosecute the work by hired labor and machinery, 
as being the cheapest. You approved this project under date September 
29,1876, and after the necessary arrangement the chisel-boat was placed 
in position at Moline Chain on the middle of October, and was worked 
there till the running ice induced me to stop the work November 28,1876. 
During that fall 103.5 cubic yards of rock were broken by the chisel. 

Uuder date April 19, 1877, the allotment of $15,000, the remainder of 
the appropriation of $25,000, was made for the prosecution of the work, 
and my project of continuing the work at Moline Chain by hired labor 
and machinery approved. I preferred to hire the chisel boat and have 
the crew engaged under the supervision of an assistant engineer, instead 
of hiring a manned chisel-boat of the contractor, and pay by the day or 
hour. On the 8th of June the chisel-boat was at work at Moline Chaiu, 
and a good result has been obtained by this arrangement. During the 
month of June 143.3 cubic yards of rock were broken, a result exceed¬ 
ing the work of last, fall about 42 per cent. I expect to dispose of 750 
cubic yards during the season. 

Ofthe2,505.8cubicyardson Moline Chain, thereare then still l,655cubic 
yards of rock to be broken by the chisel, and 2,505.8 cubic yards to be 
removed by the dredge. For this closing work a sum of $30,000 is needed. 
Besides this work there should be made a thorough survey by sounding- 
machine and attached rake at the different cuts and improved channel 
for ascertaining if bowlders or detached pieces of rock have been brought 
into the channel by the ice. For the removing of such pieces of rock or 
obstructions, further for the mentioned survey, and the erection of guides 
or landmarks on shore, or bouys, and the publishing of a lithographed 
map for the information of the navigators, including all engineering ex¬ 
penses aud contingencies, a sum of $20,000 will be the minimum, so that 
I am fully justified in asking a final appropriation of $50,000 for closing 
the work of improving the. Rock Island Rapids during the fiscal year 
closing June 30,1879. I most earnestly recommeud this final work of 
closing the Rock Island improvement to the consideration of Congress, 
and most urgently request that the full sum of $50,000 may be giv^^so 
as not to draw the final closing of the work into auother fiscal year. 
The improving of the Rapids has been so far a success.. 

For further information, in detail, in regard to operations during the 
fiscal year ending Juue 30, 1877,1 beg leave to refer you to the report of 
Assistant Engineer E. F. Hoffman, which is herewith submitted. 


Money statement . 


July 1,1 Q 76, amount available.$5,7*29 16 

Amount appropriated by act approved August 14, 1876. 25,000 00 


July 1,1877, amount expended during fiscal year 


30,729 16 
15,966 29 


July 1,1877, amount available 


14,762 87 


Amount (estimated) required for completion of existing project. 50,000 00 

Amount that can be profitably expended in fiscal year ending June 30,1879. 50,000 00 
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REPORT OF MR. E. F. HOFFMANN, ASSISTANT ENGINEER. 

United States Engineer Office, 

Bock Island , III., July 2, 1877. 

Colonel : I have the honor to submit my annual report of operations for the im¬ 
provement of the Rook Island rapids of the Mississippi River during the fiscal year 
ending Jane 30, 1*77. 

I stated in my last annual report that the final estimate in regard to the excavation 
of rock at lower chain could not be presented because the unusually long high-water 
stage had prevented an inspection with the rake of the sounding-machine. On the 
26th of July, 1876, the surface of the water read 4 feet above low water of 1864, and 
the inspection was undertaken at once. In moving with the rake of the sounding- 
machine over the area where the coffer-dam stood, large remains of the same were found; 
also remains of stone cribs which had guarded the coffer-dam. The contractor was in¬ 
formed that no final payment on the work of excavation at lower chain could be made 
until the ddbris of coffer-dam and cribs were properly removed, and he was invited to 
commence the dredging at once. 

Fiom the 27th of July t-> the 8th of August the dredge was employed in accomplish¬ 
ing the work of removing the debris , and when at that last-named day the rake of the 
sounding-machine went over the area in question, the work of removal proved to be 
satisfactorily done, and payment of the 10 per cent, retained was made, and the con¬ 
tract at lower chain, with George Williams, contractor, virtually closed by it. Here 
follows a copy of the final estimate: 

Final estimate of t cork done by George Williams under his contract for improving Bock Island 

rapids of the Mississippi Biver t commencing October 7, 1875, and ending August 8, 1876. 


Items. 

ff-tiUea. Contract 

Amounts. 

Percentage 

retained. 

Amount of 
payment. 

Total amount of work done . 

Bock excavation and removing at lower 
chain . 

Total amonnt of work done includ¬ 
ing retained percentage .. 

Chib. yds. 

9,340.5 

$12 00 

$28,086 00 

$2,808 60 

I 

j 

$25,2*17 40 

28,086 00 

25,277 40 

Dednct former nay meats as per re¬ 
ceipted vouchers... 


j 

Balance doe, (retained percentage) .. 



2,608 60 





J. N. Macomb, Colonel of Engineers , U. S. A. 


Gbo. Williams. 


Congress appropriated by an ant August 14, 1876, the sura of $25,000 for the work of 
improving the Rock Island rapids of the Mississippi River, but only $10,000 of this 
appropriaiion were allotted by order of the President to the Rock Island rapids for the 
fiscal year ending June, 1877, of which fact yon were apprised by letter of the Chief of 
Engineers, United States Army, dated September 15, 1876, and directed to submit a 
project for the prosecution of the work at these rapids. As from this sum of $10,000 
the amount of $2,000 wai paid t> Attorney-at-law Mr. J. Schroder, of Cincinnati, for 
services of conducting the defense for the United States in certain claim cases, for which 
authority was given by the Secretary of War in a letter from the Chief of Engineers, 
dated September 2,1876. the real available sum for the work of these rapids was reduced 
consequently to $8,000 auring the fiscal year. It was thought prudent to commence 
the work of excavation at the foot of Moline chain, which work in my last report was 
alluded to as the closing stone to the improving of these rapids. The reason for recom¬ 
mending this work was, that with the small appropriation only a limited amount of 
rock could be excavated, but that this limited amount of excavated rock would here 
at the foot of Moline chain do the greatest benefit to navigation. The work of excava¬ 
tion at the foot of Moline chain cousists in removing patches lying more or less in the 
midship of the channel in which a current of water flows, exceeding in some places 8 
feet velocity per second. 

Coffer-damming a smaller or larger place on this chain would practically close navi¬ 
gation, and is therefore beyond consideration ; even if with excessive costs the construct¬ 
ing of such a coffer-dam was desired, there remained but the means of using chisel and 
dredge for the removal of the 2,505.8 oubic yards at the foot of this chain. I respect¬ 
fully invite your attention to the small map of Moline chain herewith inclosed. Experi¬ 
ence has shown that bids for removing rock by means of chisel and dredge have reached 
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as high as $18 and $20 per cnbie yard on other chains, and it was therefore expects 
that bids at the Moline chain would leave these indicated prices far behind, it w| 
thought, therefore, advisable to hire a chisel-boat by the hour or day aud bind the oc 
tractor by an agreement in reference to the time and manner by which the work of t 
chisel-boat was to be regulated and controlled by the engineer assistant in the fie 
Your project in relation to the work at Moline chain was approved by the Chief| 
Engineers, United States Army, under date September 29,1876, and an agreement ma 
very soon with Mr. George Williams, of Keokuk, in reference to the hire of a chi* 
boat. On the 16tb of October the boat arrived from Keokuk and was brought iq 
position at Moline chain. The next day a raft collided with the chisel-boat, broke I 
spud, aud took the boat considerably down stream. 

Time was lost by the contractor in repairing the breakage and in sending foi 
steamer, which proved to be indispensable for handling the chisel-boat in the stw 
current of Moline chain. The chisel-boat sprung a leak, besides, and bad to be l 
paired, which again caused a delay of several days, so that little was only aocomplist 
during the month of October, 1876. During the month of November the chisel-li 
work was carried on steadily until the 28th of November, 1876, when some parts of 1 
machinery of the boat got out of order, aud heavy frost setting in you were inda 
to stop the work of excavation. The chisel-boat worked over a surface of 2,542 sqo 
feet, the average cutting of the rock was 1.1 of a foot, and consequently an amonnj 
2,796.2 cubic feet or 103.5 cubic yards of rock was chiseled during that time. B 
this work $1,168.75 were paid. When compensation for the work of removing \ 
chiseled rock by means of a dredge is added to the amount of $1,168.75, which *1 
will require the employment of a dredge for the period of three days, and the nil 
rent of $100 is considered, theu the removal of the 103.5 cubic yards of rock at Mo^ 
chain at the mentioned patch A (see sketch) would cost the Government as folio* 

Chisel-work... . •!.!«( 

Dredge-woik. 

Total. 1,46 

Or per cubic yard $14 by the system of hiring boats and machinery. As I ah 
stated that bids at a public letting would have reached $18 or $20 and more, it is i 
dent that the Government has been benefited in the system of hired labor and I 
chinery. Before the work with the chisel-boat commenced, you charged me in i 
month of September to proceed with some of the assistants to La Crosse, Wis., forj 
purpose of making a survey at the site near the railroad-bridge of the Chicago, T 
waukee and Saint Panl Railroad Company over the Mississippi River, then abont be 
constructed. Petitions were some time ago submitted to the Secretary of War cla 
ing the bridge in erection to be and become a hinderance to navigation. The matj 
was referred to you for report, and you ordered especially observations of direction 
current above the bridge, and the defining of the sand-bars by a horizontal curve-1 
4 feet below low water of 1864. As the sand-bars were fonud to be changing and sq 
ing daily, you directed me to make another survey at the same place two months lai 
for enabling you to judge better the merits of the petition in question. Both sunfj 
were plotted on one and the same map, and by the 1st of January this work as we" 
the working up of field-notes daring the work with the chisel-boat were accompli* 

The smallness of the allotted amount of money made it imperative to part with j 
services of oue engineer assistant and draughtsmen, and they were discharged 
other funds would be available. 

In the spring of 1877 you directed me to prepare a project for the continuation 
rock excavation at these rapids, under the view that the $15,000 still remaining 
the Treasury would be made sooner or later available. Under date of April 6 1 sta 
in my report to yon that, in view of the smalluess of the amount of money forj 
work ou these rapids, and the necessity of doing the same by chisel and dredge, i 
which contractors have always charged a very high price,) and in view of the pecul 
difficulties arising from the very strong enrrent and exposure to frequent interrupt^ 
by passiug steamers and rafts, it would be out of question to expect other tha 
very high bid from any contractor conversant with snch work; and the interrupts* 
alluded to would doubtless lead to claims for damages, &o. For these reasons I reo 
mended that the work of excavation might be done by hired labor and machinej 
and that the work of excavation might bo continued right at the patoh A, (see ms 
on which last year the work was stopped on the last day of November. 

You approved of my project, and you submitted, under date of April 6, 1877, a lei 
to the Chief of Engineers, requesting authority to do the 'work at Moline chain 1 
hired labor and machinery instead of letting the work. The Chief of Engineers, il 
letter dated April 19, 1877, informed you that the Secretary of War, upon the reor 
mendation of the Chief of Eugineers, had authorized the expenditure of the unalloti 
balance of $15,000 for the improvement of the Rock Island rapids of the Mississifl 
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and approved of yonr recommouded project to do th* work of excavation by bired 
labor and machinery. 

You directed me to make the necessary arrangements for the prosecu-ion of the 
work of excavation, in cousequence of which I proceeded to Keokuk, Iowa, for the 
purpose of hiring a chisel-boat from Mr. George Williams, of Keokuk. 

An agreement was drawn up, approved by you, according to which Mr. Williams 
should put a certain chisel-boat iu quite a seaworthy condition; have the whole ma¬ 
chinery thoroughly repaired and overhauled; to provide the ho it with a new part of 
machinery, which was to serve to tow the boat iu the heaviest current with a suitable 
velocity, and tbns dispensing with the service of a s» earner; to furnish certain machine 
parts iu duplicate and triplicate, and provide the boat besides with a prescribed amount 
t»f rope, anchors, die. In consideration of this, you agreed to hire the chisel-boar for a 
term of five or six mouths, ami stipulated the price for the hire of the boat to be § W3 
per month, or $20 per day. Iu case the stage of the water iu the river would be 8 feet 
and more than 8 leet above low water of 1864, the price for the hire of the boat bad 
to lie reduced to $10 jier day, as less work, or no work at all, could be effected during 
such a b'gh 8 age of water. 

The reimirsou the designated cliisri-hont were commenced soon afterwards, and the 
progress and the thoroughness of the repairs and alterations of the machine purls was 
daily inspected by me. On the 1st of June the boat was in good working capacity, 
Steam was got up, and you, colonel, visited yourself the chisel-boat, examined it, mid. 
authorised me to take charge of the boat and to commence actual work of excavat ion 
as soon as practicable. A very high wind detained the towiug of the boat to Moline 
chain till the 4tli of June, ou which day It was brought into position at the foot of 
Moline chain. The boat is manned by a chisel-tender, engineer, fireman, and watch¬ 
man. and the coals are deliveied ou a tiatboat to the boat for the price of 10 cents per 
bushel. 

On the 5th of June a raft of 11 strings had become disengaged from the pushing 
steamer, some parts of the machinery of the steamer having got out of order above 
Duck Creek chain; the helpless raft floated dowu, collided with the right corner of the 
cliUeMmat, broke the spud and carried the boat more than half a mile down stream, 
where it got free, and was held by au auclior tbrowu out. Ou the Orb of June, the 
part of the new-built maehinery showed its effectiveness by pulling the boat, by 
means of tlirown-out anchor*, bock to the place iu about two hours. As the spud had 
to bo iusertesd anew the boat was brought to the shore of Benkam’s Island, just oppo¬ 
site tlie place of work, and the repairs commenced at once. 

On the 8th of June the boat was in her position at patch A again; actual work of 
hammering with the chisel was commenced, uud has, since this time, been carried on* 
with good effect. The crew of the boat being fresh men, they received orders to cont¬ 
inence by dropping tbo chisel not more than two times per minute, till everybody was 
familiar mid at home with the business to be performed. In a time of five days the 
men were so drilled that three blows and since the last ten days four blows with the 
chisel are struck per minute, in tlie average, a result which speaks very well fur the 
competency and faithfuluess of the crew. I cannot leave unsaid that the work at this 
chain is full of danger for the crew. The handling of ropes and anchors iu the very 
heavy current must be done with utmost care; even the coinmuuicatinn bv skiff 
closely between the boat and the shore, osjiecially the lauding, must be watched, or 
capsizing and endangering tlie life of men is the consequence. During the mouth of 
June, 3,870 cubic feet or 143.3 cubic yards of rock were broken by the chisel. 

The chisel-bout last fall left off work under the following data iu reference to ordi¬ 
nate and absciss of the base line laid down npou the hydrographic map of Moline cb tin : 
November 28, ordinate 593.4, absciss 417.8 : the boat commenced work under Juue 8, 
ord ua e 598.7, absciss 417.5, and on June 39, ordiuate 6*21.3, absciss 477.7. 

From the above abscisses it will be seen that the chisel-boat was 60 feet worked np 
stream. The average width of the patch is according to the hydrographic map 43 ftec 
and the cutting to grade reads by the souudiugs in average L5 feet, which represents 

in the exhibit ^ * ' 5 = 143.3 cubic yards. 

During last fall, when the crew was. furnished by the contractor and the work 
was p*id by the hour, 115 cubic yards were removed iu the same lime. The goo l 
condition of the machinery aud the faithfuluess of the present crew account for the 
better result in this spring. I expect with certainty of being able to report to you at 
the close of woik io the fall the breaking of 759 cubic yards, to which 100 cubic yards 
of last fall added, will rednee the amouut of rock to be broken at the toot of Moline 
chain from 2,505.8 to 1,655.8 cubic yards still remaining to be disposed of by the chisel. 

Thirty thousand dollars is reqnired for the breaking of 1,655.8 cubic yards of rock, 
and the dredging of 2,505.8 cubic yards afterward. To this sum must be ad led the 
necessary engineering expenses and coutiugeucies, ami ftr closing the work at (lose 
mpids a general survey by steamer and soundiug-umohin should bo itudeitaken, a d 
a map published for the benefit of navigation showing tb* -boan laries of the chan u.1 
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and guides erected on the shores for giving bearings to keep the channel. For this 
purpose and for the erection of flag-staffs, buoys, or marks of other description and de¬ 
vice, as also for the work of cleauing some parts of the improved channels from rocks 
or bowlders brought in by the ice, a sum of $20,000 is required, which altogether wonld 
justify the request for a final appropriation of $50,000. With this last allotment the 
lmprovi ig of the Rock Island rapids would disappear from the river and harbor bill 
on the end of the fiscal year June 30, 1879. 

I caunot end this report to you better than repeating again the same words which I 
used in submitting my last annual report. 

I most respectfully entreat you to recommend this remaining work to the favorable 
consideration of the higher authorities and Congress, as the subject of another and 
last appropriation for the fiscal year 1678-79. 

Tbislast work represents the closing stone of an undertaking which stands in the 
history of improved rivers on this and the other side of the ocean unparalleled, and 
which, in the accomplished and undenied benefit extended to the navigation, proves 
to he of the greatest advantage to the bordering States of the river, and a perfect suc¬ 
cess in engineering. I take again pleasure in bringing to your notice the iaitbfnl and 
efficient services rendered by Assistant Engineer C.H. Beuck and draughtsman Mr. A. 
8tibolt. 

All of which is respectfully submitted. 

E. F. Hoffmans. 

Col. J. N. Macomb, 

Corps of Engineers, U. S . A. 


P 4- 

EXAMINATIONS, SURVEYS, AND CONTINGENCIES OF RIVERS AND HAR¬ 
BORS. 

Under tlie above-named head of appropriations, certain minor surveys 
and examinations have been made by me daring the past year, notably 
those in the vicinity of La Crosse, where changes in the river-channel were 
caused by the erection of accessory works of the bridge thrown over the 
Mississippi River by the Chicago, Milwaukee aud Saint Paul Railway 
Company, a point where lurther special examinations are likely to be 
required before the river cau be again brought under control at that 
point. To meet such surveys and examinations, the sum of $750, over 
and above the amount on hand, should be appropriated. 

‘ And in order to perfect the scheme of improving the Upper Missis¬ 
sippi River, between Saint Paul aud the mouth of the Illinois River, 
there should be granted the further sum of $17,250, as there have been 
no examinations in that part of the river between Keokuk, Iowa, and 
the mouth of the Illinois River, a distance of some 160 miles, all of 
which should be thoroughly surveyed before the estimates for said 
scheme can be perfected. 


P 5* 

IMPROVING ILLINOIS RIVER. 

Operations on this river have been conducted as heretofore, (in dredg¬ 
ing and construction of dams and jetties.) 

The work under the extended contract of William Patrick was com¬ 
pleted October 31,1876, and settlement made. 

An open-market agreement was made with Mr. Patrick, October 17, 
(subject to the approval of the Chief of Engineers,) for the expenditure 
of the allotment of $10,000 from appropriation of August 14,1876, at 
the same prices and under the same specifications as the late contract. 
The final estimate under this contract was rendered November 17,1876. 

On the 22d day of June, 1877, a contract was made with Mr. H. S. 
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Brown, of Hamilton, Ill., for the expenditure of the balance of the appro¬ 
priation of August 14, 1876. 

The work of dredging during the past season was interrupted by high 
water nearly the whole of the month of July, and in the construction of 
brosh and stone dams but a very short season was favorable; advantage, 
however, was taken of the high stage of the river to make liberal de¬ 
posits of the dredged material to act as substitutes for brush and stone 
dams. When within the limit of the “haul” this proves a very economi¬ 
cal method, and, on the whole, quite satisfactory. 

The equipment has been kept in an efficient condition, and the well- 
defined channels developed by soundings after dredging furnish good 
evidence that the work has been conducted faithfully. 

The restoration of the obstructed channels at Spar Island and Sugar 
Creek Bars were made with promptness, thereby preventing the deten¬ 
tion to trade that would have otherwise occurred. This demonstrates 
the importance of being always in readiness with a reserve fund and the 
necessary equipment; otherwise our improvement may at any time be 
rendered valueless. 

As this cost of maintenance is estimated at less than $20,000 per 
annum, and it is to cover some 223 miles of river, making the cost per 
mile less tbau $90 per annum, I respectfully suggest that measures be 
taken to secure, at as early a date as practicable, the fund and equip¬ 
ment for this purpose. 

During the year numerous surveys have been made of the several 
bars under improvement, also bars improved 1871 and 1872. Beardstown 
Bar, formerly the most formidable on the river, proves that this method 
of improvement is a success. 

Our present available fund being so small, it suggests the expediency 
or necessity of studying the wants of navigators very carefully, and of 
confining our operations to such points as may from time to time be men¬ 
tioned by them, iu removing snags, sunkeu logs, &c., as they may be 
encountered during the low-water season. 

A revised estimate is submitted by Mr. Brown covering the bars re¬ 
maining unimproved and the dredging at harbors or landings, for which 
application has been made through petition; also the cost of the equip¬ 
ment above referred to. This estimate amounts to $145,000; of this sum 
$125,000 is to be expended in work, (under contract or otherwise,) and 
$20,000 for the purchase of the equipment whenever it shall be deemed 
expedient. This estimate is for the fiscal year ending June 30, 1879, 
and could profitably be expended during that year. 

I beg leave to refer to the report of Assistant Engineer B. A. Brown 
for further details as to the operations and for interesting statistical and 
commercial information, particularly the internal-revenue collections of 
this State, which for the year 1876 prove to be 21 £ per centum of the 
whole internal-revenue collections of the country. 


Money statement. 


Jnly 1,1876, amount available.$39,691 86 

Amount appropriated by act approved August 14,1876 . 40,000 00 

- $79,691 80 

July 1, 1877, amount expended during fiscal year. 49,317 72 

July 1, 1877, outstanding liabilities. 2,750 00 

- 52,067 72 


July 1, 1877, amount available 


27,624 14 


Amount (estimated) required for completion of existing project. 145,000 00 

Amount that can be profitably expended in fiscal year ending June 30,1879. 145,000 00 
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REPORT OF MR. R. A. DROWN, ASSISTANT ENGINEER. 


United Statf.s Quarter-Boat Major E. F. Hoffman. 

At Grand inland , AJaton County, Illinois, June 30,1877. 

Colonel : I bare the honor to submit the folio* ing repoit of operatmns for the im 
provement of the Illinois River elmi ig the fiscal year ending June HO, 1877: 

At the close of the last fiscal year work was progressing at Slim Island Bar, (near 
Montgomery, Pike Con ty,) the dredging-eqaipuient consisting of 3dredges,I tow-boat, 
with a full complement of scows. Ac. 

On the 6th July, the river having reached a stage of 10.7 feet above low-water and 
still rising—reports from the t.pper river also poitcnding a still greater rise—work 
was suspended, and ad'outage taken of this event to have the tug-boat Innovator 
docked. This ulro pioviig a faAoiwble opportni ity for impairing the ijuaiter-b«>*t 
Hoffman, she was taken in tow for Peoria dry-docks on the evening of the 6th. After 
a slow passage to, and a prot)acted delay at, Peoria, our repairs were completed. 

On the 28th we ret ni l ed to Slim-Island Bar, but owing to the high stage of the river, 
work was not resumed until llie 2d of August. During this month wi.ik wasprwfc- 
ented at Slim Island, Bedlord, Pilct ? s Peak, and Buckhorn Bars with, the results as 
shown elsewhere. 

The deposit of diedged material has.hem as follows, viz: 

At Slim-Island Bar, principally on the dam eloMng th- b*ck chute. 

At Bedford Bar, in a dike extending from ihe\v»st shore, the approx’mate dimen¬ 
sions of which are, length 300 feet, mean width 90 feet, depth 3 feet. 

At Pilot’s Peak Bar, dike No. I, 6C0 feet in length, no an w idth 90 feet, depth 6 feet. 
Dike No. 2, 400 feet in length, mean width f2 feet, depth 6 f« et. 

The material composing these dikes being of an unstable character, a brush and 
stone dam was consirncted at this point, (length £20 feet,) permanently contracting 
the low-wstcr crofs-scction to about »i e-half its former area. 

During the month of Sep»ember the work was continued at Buckhorn and Grand 
Pass Bars. (Vide tabular srateuient.) The stage oi the riverdur ng this month proved 
very unfavorable for work, especially in the constiuction of darns, as the islands af¬ 
ford ng the principal material (willow) are generally submerged at- a stage of 6 feet 
above low-water, and after coming to the surface, time is inquired for the mcessary 
evaporation before the mud is in a condition for w 01 kmen to opeiate to advantage. 

From t lie 2d to the 7th of October, inclusive, the dredges were employed at the newly- 
formed obstruction below the origiual Spar-Island Bar. 

lu compliance with yonr instructions, this work being completed, on the evening 
of the 7th the fleet got under way for Sugar Fleck Bar, at which point it arrived on 
the morning of the i)th, and immediately commenced the work of removing snagsde* 
posited in the improved channel during the stvcie rains which occuned in the month 
of September, 1876. The magnitude of this deposit calls for more than a passing uo- 
tee. 

It will be remembered that a similar obstruction was formed at this point, during the 
month of July, 1873, and in the winter of 1873 and *74; also that a channel was dredged 
through the bar during the seasons of 1874 and ’75. This late deposit of suags, tret*, 
and alluvion is of like nature and 011 as grand a scale, nearly. 

The preliminary survey of September 21 lust developed a dry bar, or dam, extendieg 
entirely across the river, (thesoundings being reduced to low-water refeience.) 

At the month of the creek nud some ICO feet each way, extendi> g np and down the 
river, was a good depth of water, hut the opposite side of the river proved shadow, 
showing that the cm rent from the cieek had sufficient f rce not only to keep i 'self clear, 
but that part of the liver nearest its mouth also, and to push its charge of suags, trees, 
and alluvion to the opposite side of the river. 

Some idea can he formed » f the force of the storm, the agent of this mischief, from 
an inspection of the creek’s banks. Large n asses of alluvion, baring become under* 
mined, have fallen into the bed of the creek. There masses sometimes contain large trees, 
some Branding upright, some leaning, and some lying in the stream; very many were 
found deposited, with masses of alluvion, brush, snags, logs, Ac., in the river, below 
the nn nth of the creek. The citizens describe it as being the n ost poweiful storm 
they ever experienced. Should the like again occur, we may expect the destruction of 
our improved chauuel as before. The probabilities are, however, iu favor of its remain¬ 
ing open a fair length of time. 

The result of woik for the month of October w ? as the removal of the obstruction jnst 
below the original Spar Island Bar, the restoring of the chanuel at Sugar Creek Bar 
120 feet wide for 600 feet through the upper section near the month of the creek, and 
60 feet in width for 2,500 feet, leading iuio 3 feet depth at low-water. The character 
of this bar-material is such as to lead us to expect that the enrreut during the past 
winter woul l produce sufficient scour to completely restore the channel provided iu 
th* 1 npring of 1875. 

The deposit of dredged m iterial at Sugar Creek Bar was as re-cn for cement to the dikes 
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• formerly built. The brush and stone dam at Grand Pass Bar was completed to a height 
of about 1 foot above low-water, leugth 620 feet, reducing the low-water cross-section 
about one-half. 

After the completion of the work of restoring the channel at Sugar Creek Bar, on 
the 7th November, the fleet was moved to Beardstown, and ou the 8th commenced work 
at the bar opposite town. Operations continued here up to the 15th, when our fund 
became so reduced as to necessitate the dismissal of the eqnipment. The result of the 
work here is a channel 1.800 feet in length, 60 feet in width through the bar. 

Experience of the past season demonstrates the necessity for making provisions to 
restore obstructed channels at short notice. 

The removal of the newly-formed reef, or bar, near Spar Island, also of the deiris at 
Sugar Creek Bar, during the month of October, enabled boats to continue iu the trade 
throughout the season. Had the means been wanting to afford the above-mentioned 
relief, ihe river would have been practically closed to navigation (except for very light- 
draught boats) about the 10th of October, or until a rise in the river should occur. 

At the close of the month of November the engineering party was reduced to four 
members; these were kept profitably employed during the winter iu reducing and 
plotting notes of surveys made during the months of October and November for the 
purpose of planuing work for the future, and to ascertain the condition of the chan¬ 
nels improved in 1871 and *72. 

During the winter, estimates were made and submitted showing comparative cost of 
improving West Poii t and Bath Chures, the former passing west, the latter east of 
Grand Island. Instructions were received calling for further examinations, and a 
special report on the same, inquiring into all matters bearing upon the subject. This 
was also submitted, and permission was given to cbaugo the original project and im¬ 
prove Bath Chute by dredging and partially close West Poiut Chute, leaving a narrow 
sluice-way for the passage of ice-tows at any time when the remaining part or the chute 
is navigable for them. 

CONTRACTS. 

During the fiscal year work has been prosecuted nnder two contracts, viz: That of 
William Patrick, of Phoenix, Oswego County, New York, dated May 31, 1875, and ex 
tended to October 31, 1876. 

On the 17th October, 1876, arrangements were made with Mr. Patrick (subject to the 
approval of the Chief of Engineers) to continue the work under the specifications and 
prices of the former contract, (dated May 31, 1875,) for the expenditure of the allot¬ 
ment of $10,000 appropriated August 14, 1876. 

The final estimate on the coutract bearing date May 13,1875, was submitted Novem¬ 
ber 4.1876, and that for the special open-market agreement was submitted ou the 17th 
of November, 1876. 

On the 30th day of April, 1877, advertisements were issned from your office at Rock 
Island, calling for sealed proposals, up to 12 m. on the8th of June, 1877, “for the prose¬ 
cution of the work of dredging and construction of .dams and jetties for the improve¬ 
ment of the Illinois River.” On ihat day the only bid rec* ived was from Mr. H. S. 
Brown, the former superintendent for our late contractor. To him the work was 
awarded, and the contract executed on the 22d instant. 

Work was immediately commenced at Bath Chute, Bar No. 1, at the head of Grand 
Island, with the result as shown in tabulated statement A. 

The river having subsided to a stage sufficiently low as to allow us to mako detailed 
surveys ou the 27th of May, the quarter-boat was moved to the head of Grand Island 
Surveys were immediately commenced and plans matured for the resumption of work 
under the anticipated contract. 

The engineering party was fully re-organized on the 1st of June, and preparations 
made to proaecnte the work with vigor during the favorable stage of the river. 
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The amount of work performed during the fiscal year ending June 30,1877, under the contract 
icith William Patrick , of Phoenix , Oswego County , N. T., dated May 31,1875, was asjollows , 
viz: 


Localities. 

Quantities. 

| Items. 

i i 

1 Prices. 

1 

Amount 

Slim Island Bar. 

10,456 cubic yards. 

....i Earth-excavation .... 

*0 28 

1 

$3,927 68 




28 

681 80 

Pilot’s Peak Bar. 

16,63*2 cubic"yards. 

.do. 

28 

4,656 96 


28.004 oubic yards. 

...do... 

28 

7,841 12 


8,324 cubic yards. 

...,i.do. 

28 

2,330 72 




28 

2,0m} 24 


22,506 cubic yards. 

..do. 

28 

6,301 68 


1 hour’s work.. 

_' Snagging. 

11 00 1 

11 00 

Pilot’s Peak Bar. 

5 hours’ work. 

..Tdo r.. 

11 00 

55 00 

Book horn Bar... 

61$ hours* work ....... 

....!.do. 

11 00 

73 33 

Spar Island Bap__ 

£j| honr'a work_ 


11 00 

8 25 

Sugar Creek Par.......... 

hours’ work. 

.do..... 

11 00 

502 33 

Pilot’s Peak Bar. 

1,152 linear feet. 

.... Piling in dam.. 

15 

172 

Do. 

591.4 cords. 

.... Brush in dam.. 

2 50 

1,478 50 

Do. 

302.6 cubic yards. 

.... 1 Stone in dam.............. 

2 50 

756 50 

Grand Pass Bar. 

1,248 linear feet. 

...J Piling in dam.. 

; is 

187 20 

Do. 

317.2 oorda.. 

_ Brash in dam__ 

2 50 

793 00 

Do. 

260.9 cubic yards. 

....[ Stone in dam ... 

1 2 50 

652 25 





31,518 » 

The amount expended under this contract as per laet annual report was. 


30,209 45 

Total expended under this contract. 


.1 

61,7*7 81 


Copy of final estimate ( Xo . 9) of work done by Mr, Patrick under his contract for the im¬ 
provement of the Illinois Riser, dated May 31,1875. 


Total amount of work done, including retained percentage.$61,727 61 

Deduct former payment, as per receipted vouchers. 55,555 03 

Balance due. 6,172 76 


Under the open-market agreement with William Patrick, of October 17,1876, the 
amount of work done is shown by the following statement: 


Localities. 

Quantities. 

Items. 

Price, j Amount. 

Sugar Creek Bar. 

Bar at Beardstown. 

Sugar Creek Bar. 

Total estimate. 

7,810 cnbic yards. 

4,191 cnbic yards. 

1 hour's work with dredge 

Earth excarat ion. 
Earth excavation . 
Snagging. 

$0 28 ' $2,186 80 
28 l, 173 48 

11 00 j 11 to 




.| 3,37128 


Under the contract with H. 8. Brown, dated June 2*2,1877, the amount of work done 
is 11,000 cubic yards earth excavation at Bar No. 1, Bath Chute, at 25 ceuts, $2,750.00. 

STATEMENT OF EXPENDITURES AND ESTIMATES. 

In 1869 an allotment of $85,000 was made from the appropriation for the 11 repairs, 
extension, preservation, and completion of works for the improvement of rivers and 
harbors/ 7 which was ordered should be expended in dredging the bars and flats be¬ 
tween the town of Henry and Copperas Creek, with the view of preparing a bottom 
for a 7-foot navigation wheu the proposed lock and dam at Copperas Creek should be 
completed, this being auxiliary to tl>e work of constructing locks and dams by the 
State of Illinois. 

Subsequently (see report of Mr. R. E. McMath, for the fiscal year ending June 30, 
1872, report of Chief of Engineers,) an estimate was made for the improvement of the 
river (covering all of the remaining bars) by dredging and construction of low dams for 
contraction of channel. 

This estimate, as has been before submitted, was $391,912.00. 
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There has since been appropriated: 

In 1870.$100,000 00 

1873 . 20,000 (0 

1874 . 75,000 00 

1875 . 75,000 00 

1876 . 40,000 00 

Total expended and pledged for the work. 310,000 00 

Balance to be appropriated under tbis estimate.81,912 00 


MATERIAL RESULTS OP THE YEAR’S WORK. 


Dredging. 

Channels have been provided through the following bars, viz: Slim Island, Bed¬ 
ford, Pilot’s Peak, Buckhorn, Grand Pass, and Spar Island, (No. 2,) a partial improve¬ 
ment at Beardstown made; the channel at Sugar Creek Bar restored, and the improve¬ 
ment at bar No. 1, Bath Chute, nearly completed. 

For details see tabulated statement A. 

Dame and jetties. 

As mentioned elsewhere, the past season has proved very unfavorable for the con¬ 
struction of brush and stone dams. This liijih stage of the river, however, aids mate¬ 
rially in the construction of earth-dikes with dredged material. A liberal deposit of 
this nature, in many cases, answers very well as a substitute for the brush and stone 
dam work, and, when within the limits of our “haul,” is eutirely without eost. 

Surveys. 

During the year detailed surveys have been made (both before and after dredging) 
of Pilot’s Peak, Buckhorn, Grand Pass, Spar Island, and Sugar Creek Bars, also bar at 
Beardstown, and part of Bath Chute; and preliminary surveys of Spar Island, Sugar 
Creek, West Point Chute, (some 7 miles in length,) Sangamon, Toll-Gate, and Beards¬ 
town Bars; also bar at Beardstown, Devil’s Elbow Bar, and one-half of Bath Chute. 
This work has been pro»ecuted under very many difficulties. The prevailing high 
stage of the river ha* crowded the base-lines into the willows and timber, causing 
very much clearing to enable the assistants to take the necessary observations for lo¬ 
cating soundings. 

Permanence of the improvement. 

The platting of the notes of the survey of Beardstown Bir, made in November last 
develops a 4-foot depth of channel through the bar, at low water, a distance of 5,(J10 
feet. As this was one of the most formidable obstructions on the river, prior to its 
improvement in 1871 aud 1872, and the bar. material being of such a character a* to lead 
to some misgivings as to the permanency of the work, we should look upon this case 
a a good test of the merits of this system of improvements for this river. 


Improvements of harbors or landings, 


Repeated applications, both written and verbal, have been received, asking for a 
small amount of work, by dredging, at Rev ral landings on the river. Upon this sub¬ 
ject I submitted a special report, d*ted J.ily 14,1876, au extract from which I will here 
insert, viz: “Concerning the improvement or' harbors or landings, 1 wish to state, that 
although it may appear at first thought to he out of onr line of work, yet the state¬ 
ment in the petition of interested parties, heretofore submitted, is worthy of considera¬ 
tion. The local trade of the river, especially in the lower section, is quite important, 
and the more accessible the landings the more readily and cheaply cau produce, &c., 
be transferred. The time of the boats’ retention at these points is full as valuable as 
the time occupied in passing over the bars. Many of the towns at these laudiugs are 
quite insignificant and of minor importance. 

The adjacent country, being highly improved and thickly settled, would no doubt be 
materially benefited by these improvements. Producers are the parties more directly 
interested. 

After mature deliberation I have arrived at the conclusion that it would not be ukx- 
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pedient to apply the amount of funds estimated below in this direction, feeling confi¬ 
dent that such a project will well subserve both commercial and producing interest*. 

The points where this work is required are Peoria, Beardstown, Meredosia, Naples, 
Florence, Montezuma, East port, and Columbiana. 

Estimate of cost. 


Eight landings at a mean of $500 each...$4,000 00 

Eugiueeiing aod contingencies, 25 per cent. 1,000 CO 

Total. 5,000 00 


I most respectfully recommend that the sum of $5,000 be added to the revised esti¬ 
mate of funds wanting for the completion of this work. 

REVISED ESTIMATE OF C08T OF COMPLETING THE IMPROVEMENT. 

For the narrow channel . 

In my last* annual report an estimate was submitted for the completion of the im¬ 
provement below Big Blue Kiver Bar. With the fund then available and the antici¬ 
pated appropriation of August 14,1H70, no doubt was entertained of onr ability to 
provide a channel throughout this section of the liver, hot, after the completion of the 
work at Slim Island, Bedford, Pilo.’s Peak, Buck horn, and G»and Pass Bars, onr atten¬ 
tion was called to the restori* g of the channel at Sngar Creek Bar; this exhausted our 
fund, l>ut with the allotment of $10,000 from the appropriation of August 14, 1H76, we 
were euahled to re-open this chanuel aud make a partial improvement of bar at Beards- 
town. Here our new fnud was so far reduced as to oblige us to suspend operations on 
the 15th day ot November, 1876. 

The bars remaining unimproved are as follows, viz: 

In the lower river , (below Naples .) 


List of bars. 


Estimated 
cubic janl*. 


Bin Blue River, (partly improved in 1872) 

Bevinntou. 

Florence. 

Atwell's. 

Silver Creek. 

Huiricare Island... 

Twelve Mile Island. 

Six-Mito Island.. 


20.000 
14.000 
4.0H0 
11.000 
40.0 0 
P.OQO 
25 000 
30,000 


Total cubic yards, (approximate) 


1 . 2,000 


In the upper river , (from Naples to Havana.) 

Meredosia Island, Meredosia, Wilson’s Island, Eagle Island, Indian Creek, Beaver 
Dam, liar at Brardstown, Sngar Creek Island, Sangamon, Bath Chute, Grand Island, 
Spoon Kiver Bars. Approximate amount of earth excavation is 300,000 cubic yards. 

r£sum£. 

152,000 cubic yards. 

300,000 cubic yards. 

Total... 452,000 eubie yards at 25 cents.... $113,000 fO 


7,500 linear feet of dam at $3.33£. 25,000 00 

Engineering and contingencies....... 12,000 00 

Estimated cost of improving eight harbors. 5,000 00 


Total estimate. 155,000 00 

Approximate amount of available fund June 1,1877 . 30,000 00 


Amonnt required to be expended in work. 125,000 00 


In the lower river, 
lu the upper river 
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Could au appropriation for this amount ($125,000) be securer!, to be expended in 
work under contract,and the elements prove favorable, this improvement could be 
completed as estimated by the close of the fiscal year ending June 30, 1870. 

MAINTENANCE. 

To avoid any delay in the matter of securing an equipment to be owned and operated 
by the Department direct for the purpose of giving additional width to our present 
improved channel, also to work in restoring obstrncted channels whenever a necessity 
for such work occurs, I wonld most respectfully reuew the suggestion in former 
reports that a sum of $20,000 be added to this 4< estimate of fnnds required to he ex¬ 
pended in work,” making the total snm desirable for the fiscal year ending June 30, 
1879, $145,000. This amount could profitably be expeuded in the manner specified 
above. 

PLANS FOR THE FISCAL YEAR ENDING JUNE 30, 1878. 

Owing to the small amount of funds available at the present date, the plaus for the 
eusuiug year will be, after the improvement of Bath Chute by dredging and removing 
logs and leaning trees, (also the partial closing of West Point Chute.) to work at such 
points as may from time to time be suggested by navigators, providing such can be 
done with due economy aud will be for the general interest of the public. 

EQUIPMENT. 

The present plant is as reported last season, and is in as efficient a coudi'ion. During 
the past year it has bt-eu under the direct management of the present contractor, Mr. 
H. S. Brown. The amount of work performed and the results obtained give general 
sat sfaction. 

The surveys after dredging the past- season develop a better-defined channel than 
has heretofore been obtained since my connection with the work. 


Abstract of bids for the improvement of the Illinois River, opened 12 m. June 8, 1877, by 
Col. J. X. Macomb, Cor/w of Engineers, United States Jr my, at Rock Island, III. 



Abstract of contracts for improving the Illinois River in force during the fiscal year ending 

June 30, 1877. 


1 

1 

Name and residence of 
contractor. c 

i 

Date of contract. 

Subject of oontract. 

IN 

II 

a 

J3 U 

Z2 

ot 

w 

For furnishing and driv¬ 
ing piles, per linear foot. 

For furnishing 
and putting 
in place— 

Hi 

O A 
u u 

g e-g 

k§3 

fens 

m 

izL 

Remarks. 

Brush, per cord. 

5 

e. . 
aJ'ji 
a H 
c * 

|i 

i 

Wm. Patrick, PhcBnix, 

May 31,1875 

Material and 

$0 38 

|0 15 

$3 50 

$2 50 

$11 00 

Contractcom- 

Oswego County, New 


labor. 






pleted Octo¬ 

York. 








ber 31, 1876. 

H. S. Brown. Hamilton, 

June 32,1877 

Material and 

35 

15 

3 50 

3 00 

10 00 


Hancock County, Illi¬ 


labor. 







nois. 
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STATISTICAL AND COMMERCIAL INFORMATION. 

For tlie items under this head embodied in ray report I am indebted to Messrs. John 
Hilt, esq., special deputy collector, port of Chicago; John F. Long, esq., surveyor of 
customs, port of Saint Louis; the collectors of the several internal-revenue districts 
mentioned in tabulated statement, and to George H. Morgan, secretary of the Mer¬ 
chants’ Exchange of Saint Louis. 

Attention is respectfully called to the amount of internal-revenue collections for the 
State of Illinois for the fiscal year ending Jane 30,1876, viz: $23,699,132.27 ; this be¬ 
ing 21.5 per centom of the total internal-revenue collections of the country for that 
year. 

I can offer no more weighty argument showing the importance or expediency of 
securing liberal appropriations for internal improvements than the above. 

The tabular statements furnished under this head are intended to exhibit the im¬ 
portance of this water-route as compared with others. 

I regret roy inability to secure commercial statistics from the upper river. 

The trade from Bath, Havana, Liverpool, Kingston, Lancaster, Pekin, Peoria, Lacon, 
Cbillicothe, Henry, Peru, and La Salle, to Chicago,via the Illinois aud Michigan Canal, 
is not mentioned. This must amount to a large sum. 

The coal-trade of Kingston, as reported by the superintendent of the mines, Mr. M. 
O’Shaughnessy, amounts to, annually— 


Tons. 

Shipments to Chicago. 35,000 

Supplied to boats on the river. 20,000 


Total annual products. 55,000 


The ice-trade is stated to amount to some 150,000 tons annually, the larger part of 
which is transported from La Salle and Peru to Saiut Louis aud poiuts below. 


Statement showing the movement in flour and grain for 1876 by the following routes . 


RECEIPTS. 


By— 

Flour. 

Wheat Corn. 

• 

Oats. 

Rye. 

Barley. 

Upper Mississippi River boats. 

Lower Mississippi River boats. 

Illinois River boats. 

Missouri River boats. 

Ohio, Cumberland, and Tennessee River boats ... 
Red, Ouachita, Arkansas, and White River boats 

Bbls. 
51,040 
63,909 
13,577 
4, 733 
61 

Bush. 1 Bush. 
578,639 305,330 
455, 720 15,780 

616,223 399,269 
393,900 932,586 

I 1,636 . 

Bush. 

1,248, 760 
311 
36,386 
11, 439 

Bush. 
20, 732 
1,170 
11,718 
11,990 

Bush. 
377,290 
5,866 
33 
1,767 

3,480 . 


20 



EXPORTS. 


By- 

Flour. 

Wheat 

Corn. 

Oats. 

Rye. 

Barley. 

New Orleans boats.-... 

Bbls. 
452,011 
224,605 
81,185 
10,503 
10,343 
36,361 
177 

Bush 
37,166 
5,679 
29,218 
1,332 , 
47,821 
48,895 
54 

.¥88»S 

2 0» V *Ti of 

of 

Bush. 

1,225,669 
186,777 
106,785 
176 
1,131 

Bush. 

688 

Bttsh. 

5,325 

343 

Vicksburg boats. 

2,988 

Memphis boats___ 

839 

933 

Ohio, Cumberland, and Tennessee River boats.. 
Upper Mississippi River boats. 

8,615 

356 

432 
8,356 
1,803 
40 

Illinois River boats .. 

1, 600 

162 

144 

Missouri River boats____ 

365 

108 




Statement showing the amount of freight in tons received at Saint Louis by river for five years. 


Rivers. 

1876. 

1875. 

1874. 

1873. 

1872. 

Upper Mississippi. 

Lower Mississippi. 

Illinois. 

Missouri ..... 

224,860 
147, ias 
129,940 
50,345 
10) 

136,325 1 

198,100 
128, 020 
153,995 
30, 160 
100 

1 153,150 

1 t 

231,060 
169, 780 
192, 770 
44,830 
340 
93,985 

281.175 
226,535 
125,715 
38,630 
1,075 

1 127,925 

242, 584 
295. 960 
175, 370 

26, 895 

3,720 
119,390 

Red, Ouachita, Arkansas, and White. 

Ohio, Cumberland, and Tennessee. 
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Statement showing the amount of freight in tons shipped from Saint Louis by rirer for /re 

years. 


Elvers. 

1876. 

1375. 

1874. 

1873. 

' 

1872. 

Upper M’ssissippi. 

Lower Mis*is-ippi. 

93,360 
371), 970 

96,225 
367,235 

95, 80*1 
469.065 1 

1 

61,966 
525,445 
11,695 
27. 810 
34. 640 

53,233 

543,666 

I'ltnoU.. 

Miaoni-i.... 

SO, SCO 
19,3C0 

18, 470 
25,100 
1,480 

13,740 
20,390 I 
5.445 

15,930 
| 97.5M 

lied, Ouachita, Arkansas, and White... 

32,(90 

Cumberland and Tennessee. 

Ohio. 

3,015 

83,960 

1,560 

129,025 

2,225 

100,660 

II 

ci 2 

» 2,940 

117,985 


Arrivals and departures of steamboats and barges f 1876. 

ARRIVALS. 


1-76. 

January . 

February . 

March. 

April.. 

May. 

June . 

July. 

August. 

Beptembtr ,. 

October. 

November. 

December.. 

Total. 


*5. 

a. 

"3 

tc 

75 

5 

u 

o 

p. 

a. 

P 

8 

1 

i 

5 

tm 

J 

59 

53 
80 

i 66 

58 
56 

54 

59 
50 
66 
62 

5 

• 

■© 

.5 

r 

a 

s 

5 

*3 

a 

ct 

o 

il 

3 

< 

•c 

3 

x 

•ci 

£ i 

a 

:j 

2 

2 

4 

2 

1 

2 

2 

1 

2 

1 

o* 

5 

a. 

Urn 

o 

2 

| 

t 

73 

o 

H 

a 

a 

69 

o 

■a c 

:! 

& 

e 

i 

h 

ij 

C 0 

• 

a 

9 

H 

37 

34 

60 

77 

107 

92 

98 

101 

98 

105 

96 

3 

11 

15 

50 

38 , 

34 

23 

25 

32 

25 

22 

23 

1 *3 

1 9 

17 

16 

14 

18 
13 
10 

6 

.... 

..... 

8 

13 
17 

14 
21 
12 
It 
10 

7 

7 

7 

117 

116 

212 

208 

240 

200 

2H4 

215 

194 
212 

195 

9 

27 

50 

H4 , 

85 1 
87 
108 
48 
36 
33 

51 
39 

5 

97,080 
31.060 
99,155 
80,995 
93.475 
76,965 
54.940 
54,440 
53, m 
63.083 

1 4H,W 
, 1,173 

908 j 661 

2J9 

106 

* 

19 | 1* 

2,122 | 683 

1 ‘ 

688,755 


DEPARTURES. 



a. 

a, 

i 

a 

§ 

u 

s. 

a. 

p 

Lower Mississippi. 

Illinois. 

Missouri. 

*3 

a 

U 

H 

*8 

D 

o 

Ohio. 

Total steamers. 

6 

% 

«*- P 

a 

H 

1876. 









January . 

34 

52 

12 


1 

7 

106 

3*. 7-5 

February... 

35 

57 

15 

1 


8 

116 

43.725 

March. 

62 

83 

48 

7 

4 

10 

214 

82.P60 

April. 

83 

59 

36 

15 

1 

15 

209 

64,905 

May. 

107 

58 

32 

18 

2 

22 

239 

63,976 

June. 

99 

53 

25 

16 

2 

12 

207 

64,975 

July.. 

99 

50 

24 

19 

2 

12 

206 

52, .V0 

August. 

100 

50 

32 

18 

2 

12 

214 

4H,! 5 * 

September . .1 

104 

49 

24 

13 

2 

7 

199 

41,145 

October. 

99 

72 

21 

8 

3 

9 

212 

52,170 

November. 

£8 

65 

20 

2 

2 

8 

185 

41,0'® 

December. 

1 

1 





11 

5,735 









Total. 

911 

658 

289 ; 

117 

21 

122 

2,118 

600.HO 


CUSTOMS-REVENUE. 

The work of improving the Illinois River is entirely within the cnstoms-district of 
New Orleans, and extends from La Salle, 97 miles from Chicago, to Graftou, on the 
Mississippi, 46 miles from Saint Louis. 
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The total length of the section of river is 223 miles by snrvey, or 269 miles by steam- 
boat nien^s card-distances. 

The amouut of customs-revenue collected in fiscal year ending June 30, 1876, was— 

At Chicago... $1,667, ia r > 08 

At Saint Louis. 1,568,759 31 

The tonnage of the Illinois Kiver, as enrolled at the port of Saint Louis, is 20,253, 
(including ice-barges.) 

INTERNAL REVENUE. 

The internal-revenne districts directly connected with the Illinois River and the Illi¬ 
nois and Michigan Cana); and the amount of collections reported, are as follows, viz: 


Name of collector. 

Poet-office or residence. ^*iidinj£l* r 

Amount 

1. J. D. Harvey .. 

i ! 

Chicago. i Dec. 31,1676 

06, 971,146 26 
267, 766 30 
1.775. 135 11 
6, 527.070 71 
2, 755, 009 50 

2. i\\ B. Allen . 


4. John Till eon . 

5. Howai d Know la. 

Quincy.June 30, 1^70 

Peoria . Dec. 31,1676 

8. J. Merriunt ....1 

Sutiuirfield.... F»-h. 06. lt*77 

Total for State of Illinois. June 30,1676 

23, C99,132 27 


Basing 21.5 per cent, of the total internal-revenue collections of the country. 
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CUSTOM-WAREHOUSE TRANSACTIONS, PORT OF SAINT LOUI8, DURING 1876. 



Foreign value 
warehoused. 

Duty on ware* 
honsals. 

Foreign value 
withdrawn. 

Duty paid on 
withdrawals. 

In wArAhnnm DmAinber 31,1875 __ 

♦75,907 00 
2, 371,159 00 

♦46,636 00 
1, 446,069 72 



Transactions during the year. 

Total. 

In warehouse December 31,1R76_ 

♦2,430,923 00 

$1,478,984 21 

2,447,060 00 
14,504 00 1 

1,494,705 7-2 
14,647 33 

2,430,923 00 

1,478,984 21 





Dutiable value of foreign imports into Saint Louis, 


1869 . $3,272,276 

1870 . 3,848,000 

1871 . 5,129,000 

1872 . 5,060,000 


1873 . $4,055,000 

1874 . 4,469,000 

1875 . 2,292,000 

1876 . 3,100,000 


1873 

1874 
1*75 


Duty collected last four years, 

$1,376,466 32 1876. 

1,674,116 53 

1,159,849 17 Total.. 


$1,748,374 30 
5,958,806 30 
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DRAW-BRIDGE8; (SHEER-BOOMS AND BOOM-PIERS.) 

As the above subject is frequently agitated by navigators of the Illinois River, and 
repeated requests made that protection-works be constructed to facilitate the passage 
of boats and tows through bridges ? and as the act of Congress approved March 3,1875, 
only makes provision for bridge-piers on the Mississippi River, I respectfully ask that 
a copy of yonr letter on this subject to the Chief of Engineers, dated June 15,1874, be 
here inserted. 

United States Engineer Office, 

Rock Island, III., June 15,1874. 

General: I bavo the honor to acknowledge the PFoeipt of your favor of the 11th 
instant, calling upon me for an early report upon the inclosed printed act, first session 
Forty-third Congress, H. R. 3379, by the Hon. Z. Chandler, chairman of Committee on 
Commerce, United States Senate, which was referred to the Hon. Secretary of War for 
any “ information as to the necessity of proposed law, together with suggestions or 
recommendations.” 

The papers are respectfully returned with the following suggestions and recom¬ 
mendations: 

lsr. That the bill should be made to include in its provisions the Illinois River, and 
is bridges and piers. 

i 2d. Instead of making it mandatory that all bridge-piers on the Mississippi River 
and Illinois River should have sheer-booms on tbeir up-stream ends, it should be 
enacted that sheer-booms and boom-piers be placed above snch pier or pieis in said 
rivers, and of such construction as the Army engineer having charge of the improve¬ 
ment of said rivers may direct, the same to be constructed and maintained at the 
expense of such companies or owners of the piers in question. 

The necessity of such a law 1 b obvious to the navigators of those rivers and to the 
engineers in chargeof the river improvements, and its enactment would conduce greatly 
to the facilitating of the navigation of said rivers. 

I remain, very respectfully, your most obedient servant, 

J. N. Macomb, 
Colonel of Engineers. 

Brig. Gen. A. A. Humphreys, 

Chief of Engineers , U. S. A. 

Accompanying this report are maps of Slim Island and Bedford: (1) Pilot’s Peak 
(2) Buckborn, (3) and Grand Pass (4) Bars—scale BOO feet to 1 inch, ()—showing 
the system pursued in dredging, and the contraction of channel by means of brush ana 
stone dams, and earth dikes built with dredged material. Also a copy of water-reoord 
for the fiscal year. 

In conclusion, I take pleasure in stating that the several members of the engineer 
force merit your favor for the faithful performance of the duties assigned them. 

The preseut organization is complete; the members are euergetic and reliable. 

Very respectfully submitted. 

Your most obedient servant, 

R. A. Brown. 

Col. J. N. Macomb, 

Corps of Engineers , U. S. A. 
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Illinois Hirer improvement—sealer record from July 1.1876, to June 29,1877. 
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work on the concrete dike, to all of whom I am greatly indebted for the faithful and 
able inaner in which they have performed all the duties devolving upon them. 

Very respectfully, your obedieut servant, 

J. L. GlLLKSPIK, ' 
Assistant Engineer. 

Maj. F. U. Fa hq unAil, 

Corps of Engineers, U. S. J. 

As reported in ray last annual report, proposals for building the roll¬ 
ing-dams and for furnishing and putting in place gravel were opeued 
June 29, 1876, but owing to the lateness of the season that the appro¬ 
priation became available the contracts were not awarded until Septem¬ 
ber 1, 1876. The contract for building the rolling-dams was made with 
Messrs. Cook & Folsom, and that lor gravel-tilling with Messrs. Henry 
& Abraham. 

After due advertising contracts were made with Messrs. Cole & Ham¬ 
mond for furnishing the necessary lumber lor remodeling the apron, and 
with Mr. Fendall G. Winston for furnishing and putting in the bowlders 
that are to form the enrockment at the foot of the apron. The abstracts 
of proposals received are hereto attached. 

ABSTRACT OF APPROPRIATIONS MADE FOR THE PRESERVATION OF THE FALLS OF SAINT 

ANTHONY. 


By act approved July 11, 1870. *$50,000 00 

By act approved March 3, 1H71 . *50,000 00 

By act approved June 10, 1872. *50,000 00 

By act approved March 3, 1873. *50.000 00 

By act approved June 23,1874. 125,000 00 

By act approved March 3,1875. 100,000 00 

By act approved August 14, 1876. 120,000 00 


545,000 00 


Original estimate for carrying out present project. 5^9,726 31 

Remaining to be appropriated. 184,726 31 


Money statement. 


July 1,1876, amount available. $3,062 38 

Amount appropriated by act approved August 14, 1876. 120,000 00 

-$123,062 38 

July 1,1877, amount expended during tiscal year. 64,081 86 

July 1, 1877, outstanding liabilities... 482 12 

- 64,563 98 


July 1, 1877, amount available. 58,498 40 


Amount (estimated) required for completion of existing project. 184,726 35 


* These sums were used before the adoption of the present plan. 
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Abstract of proposals for filling excavations at the Falls of Saint Anthony, opened at 12 m., on Thursday, June 29, 1876 x by Major F. U. Farquhar t Corps of 

Engineers, U. S. A. 
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Informal. No witnesses to signatures. 
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report; of the chief of engineers. 


Abstract far proposals for furnishing stone at the Falls of Saint Anthony , opened June 25, 
1877, by Maj. F. U. Farquhar , Corps of Engineers , U. 8. A. 


Name and residenoe of bidden. 


McDougall Sc McLennan. Duluth, Minn... 

Edgar Folsom, Minneapolis, Minn. 

Fendall G. Winston*. 

Breen Sc Young, Saint Paul, Minn. 

"Contract awarded to Fendall G. Winston 


Q 2. 

IMPROVING THE MISSISSIPPI RIVER ABOVE THE FALLS OF SAINT AN¬ 
THONY, MINNESOTA. 

No work was done last season. Work for this season commenced at 
Battle Rapids, 41 miles above Minneapolis, the last week iu May. It 
is being done by hired labor, use being made of the steam crane scow 
built iu 1874. All that can be doue during the present seasou is the 
bettering of the navigation at a few of the worst places on the river, 
viz, Battle Rapids, Houghton’s Flats, {Spring Rapids, and Dayton 
Rapids. 

A light self-propelling dredge should be built, but the present appro¬ 
priation is too small to build it and do any work. It is possible that the 
steam crane-scow can be Atted up with dredging apparatus and a stern- 
wheel. Estimates will be forwarded for this fitting up as soon as they 
can be made by competent persons. 

The estimate for improving the Mississippi River between the Falls of 
Saint Anthony and Sauk Rapids (see page 452, Part II, Annual Report 
of the Chief of Engineers, 1875) was $144,607.50. Since this estimate 
there has been appropriated $20,000, leaving $124,667.50 to be still 
appropriated. If the work is to continue, at least $50,000 should be 
appropriated annually. 

The whole commerce on this part of the river is carried on one small 
steamboat and its attendant barges. 

Its navigation aud the work of improvement of the river is seriously 
hindered by the running of loose logs from the pineries to Minneapolis. 

ABSTRACT OF APPROPRIATIONS MADE FOR IMPROVING THE MISSISSIPPI RIVER ABOVE 
THE FALLS OF SAINT ANTHONY. 

By act approved June 23,1874* . 

By act approved August 14,1876 


Original estimate for the work between the Falls of Saint Anthony and 


Saint Cloud, Minn.$144,667 50 

Remaining to be appropriated.. 89,667 50 


* Made and expended before the adoption of the present project. 


$25,000 

20,000 

45,000 


I Price per 
I cord. 


917 90 
19 SO 

14 SO 

15 50 
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Money statement. 

Amount appropriated by act approved August 14,1876 . $20,000 00 

July 1,1877, amount expended during fiscal year. $1,366 78 

July 1,1877, outstanding liabilities.* 1,923 20 

- 3,289 98 


July 1,1876, amount available. 16,710 02 


Amount (estimated) required for completion of existing project. 124,667 50 

Amount that can be profitably expended iu fiscal year ending June 30,1879. 50,000 00 


Q 3. 


CONSTRUCTION OF LOCK AND DAM ON MISSISSIPPI RIVER AT MEEKER'S 

ISLAND, MINNESOTA. 

No work has been done here, as no funds were available, because the 
parties holding the land-grant have uot made auy acceptable release, as 
required by the act approved March 3, 1875. 

The State of Minnesota should annul the grant to the parties now 
koldiug the laud-grant, and release the same to the United States. 

Should it be determined to carry on this work, a sum not less than 
$300,0,0 should be appropriated for the fiscal year ending June 30,1879. 


Money statement 


July 1,1876, amount available. $25,000 CO 

July 1,1877, amount available. 25.000 00 


Amount (estimated) required for completion of existing project. 922,121 46 

Amount that can be prolitably expended in fiscal year euding June 30,1879 300,000 00 


Q 4* 

IMPROVING MINNESOTA RIVER. 

No work was done last season, as no funds were available. 

A contract was made July 3, 1877, with Messrs. Douglass & Winston 
Brothers, for removing snags, &c., commencing where the last work 
terminated, and working down stream. 

Since the last annual report there has been no commerce on the river 
above Little Eapids, nor is it probable there will be auy until the lock 
and dam at Little Eapids are built. 

If boats could run duriug the whole season on the river, the work of 
polling out suags, &c., would be of at least some temporary good, but 
until Little Eapids are made passable such work is useless. 

The original estimate for removing snags, overhanging trees, &c., 
was $37,000, (see page 260, Annual Eeport of the Chief of Engineers 
for 1867.) In 1869 this estimate was increased by $15,000, (see page 191, 
Annual Eeport of the Chief of Engineers for 1869,) making a total of 
$52,000. 

There has been spent $77,879.16 in removing snags, &c., aud there 
are plenty more in the river. 

Every high water brings in many snags. 
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At least $60,000 should be appropriated for commencing the construc¬ 
tion of the lock and dam at Little Rapids. 

ABSTRACT OF APPROPRIATIONS MADE FOR TOE IMPROVEMENT OF THE MINNESOTA 

RIVER. 

By act approved March 2,1867.$37,500 

By act approved July 11, 1870 . 10,0i»0 

By act approved March 3,1871. 10,000 

By act approved June 10, 1872. 10,000 

By act approved March 3, 1873. 10,000 

By act approved June 23, J874. *10,000 

By act approved March 3, 1875. 10,000 

By act approved August 14, 1876. . . 10,000 


107,500 

Money statement . 

July 1, 1876, amount available. $14 44 

Amount appiopriated by act approved August 14, 1876. 10,000 00 

- $10,014 44 

July 1, 1877, amount expended during fiscal year. 22 60 

July 1, 1877, outstanding liabilities. 28 48 

-51 08 


July 1, 1877, amount available. 9,963 36 


Amount (estimated) required for completion of existing pro¬ 
ject, (lock and dam, Little Rapids). 127,463 OS 

Amount that can be profitably expended in fiscal year ending 
June 30, 1879, (lock and dam, Little Rapids). 60,000 00 


* Used in making survey of river. 
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Q 5. 

IMPROVING CHIPPEWA RIVER, WISCONSIN. 

No work was done during the last fiscal year. A contract was en¬ 
tered into with Messrs. Winston, Douglass & Winstou, July 2,1877, for 
building brush and stone jetties at the mouth of the river. 

The estimated cost of the work at the mouth was $27,300, (see page 
709, Part 1, Annual Report of Chief of Engineers for 1876.) 

Owing to the low prices, the present appropriation will finish about 
half the work at this locality. 

A lock and dam is being built on the middle of the rapids at the 
Lower Dalles, by a corporation uuder a contract with the city of Eau 
Claire and the authority of the State of Wisconsin. 

The estimate of t le cost o ‘ improving ths river below Etu Claire was 
$139,892 50, (see Aunual Reports of the Chief of Engineers for 1875 and 
1876.) Of this amount. $64,102.50 are estimated as the cost of protect¬ 
ing the five high sand banks below Eau Claire. 

If the work of improving this river is to continue, I would recom¬ 
mend that Congress be asked to appropriate the above amount for pro¬ 
tecting the high banks, and an additional sum of $20,000 to coutinue 
the work of building wing-dams and jetties. 


Money statement. 


Amount appropriated by act approved August 14, 1876. $10,000 00 

July 1, 1877, amount expended during fiscal year. $3 94 

July 1, lb77, outstanding liabilities.24 24 

- 28 18 


July 1, 1877, amount available 


9,971 82 


Amount (estimated) required for completion of existing project. 129, t#2 50 

Amount that can be profitably expended in fiscal year eudiug June 30,1879: 

For protecting high sand-banks. $64,102 50 ) Ql 

For wiD K -d»iD»..?. 'M, 000 00 \ **• 102 50 


Abstract of proposals for constructing jetties at the mouth of the Chippeica River % Wisconsin, 
opened June 30, 1877, by Maj. F. U. Farquhar , Corps of Engineers, 17. S. A . 


Karnes and residences of 
bidders. 


For famishing 
and potting in 
place brush— 
3,300 cubic yds. 

For famishing 
and puttiug in 
place stone— 
4,950 cubic yds. 

Aggregate. 

Price. 1 Amount. 

I 

1 

Price. | Amount. 


Beni arks. 


Winston. Dnhglass Sc Win¬ 
ston. Minneapolis, Miun. 

Jobu Gage. Watopa, Minn .. 

Charles R. Read, Wabasha w, 
Minti. 

Warren Sc McDongall, Min¬ 
neapolis, Minn. 

Farrell & Smyth, Saint Paul, 
Minn. 

Edgar Folsom, Minneapolis, 
Minn. 


|0 78 '$2,574 00 

60 ' l, 080 00 
1 15 j 3, 795 00 

84 i 2,772 00 

1 25 . 

1 49 4,917 00 

I 


|0 79413,935 25 

1 58 

7,821 00 

l 20 

5,940 00 

1 29 

6.385 50 

1 75 


1 79 

3,860 50 


•6,509 25 

9,801 00 
9,735 00 

9,157 50 


Contract awarded. 


13,777 50 


Informal; no seals at¬ 
tached to signatures 
of guarantors. 
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Q 6. 

IMPROVING RED RIVER OF THE NORTH. 

Except the fitting out of parties, no work has been done during the 
last fiscal .year. 

The work the present season will consist in— 

1. Removing snags, bowlders, and overhanging trees, commencing at 
Moorhead and working down stream, by hired labor; 

2. Iu niakiug detailed surveys of the sites of the proposed lock and 
dam just below Goose rapids; and 

3. In making an examination of the river below Frog Point, (the ter¬ 
mination of the examination made in 1873.) 

A report and amended estimate will be forwarded as soon as the field- 
notes can be worked up alter the close of the season. 

Except the lock and dam at Goose Rapids, the work of improving the 
river will consist principally in dredging. Either the United States or 
a contractor must build a dredge, if the work is to continue. A dredg¬ 
ing-outfit will cost about $20,000. The cost of operating a dredge will 
be $8,530 per year. v , * 

1 would recommend that Congress be asked to appropriate $30,000 
for dredging. 

If the lock and dam at Goose Rapids are to be built, not less than 
$100,000 should be appropriated to commence that work. 

No complete estimate of the cost of improving the river can be made 
until the return of the field-party. 


Money statement. 


Amount appropriated by act approved August 14, 1876. $10,000 00 

Joly 1, 1877, amount expended during fiscal year.$945 93 

July 1, 1877, outstanding liabilities. 508 70 

- 1,454 63 


July 1, 1877, amount available 


8,545 37 


Amount (estimated) required for completion of existing project. 

Amount thatoan be profitably expended iu fiscal year euding June 30,1879: 


For dredging. $30,000 00 \ 

For lock and dam at Goose Rapids. 100,000 00 > 


130,000 00 
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ANNUAL REPORT OF CAPTAIN WILLIAM R. KING, CORPS 
OF ENGINEERS, FOR THE FISCAL YEAR ENDING JUNE 
30, 1877. 

United States Engineer Office, 

Chattanooga , Tenn., August 11, 1877. 
General : I have tbe honor to submit the following reports on the 
works under my charge for the fiscal year ending June 30,1877. 

Very respectfully, your obedient servant, 

W. R. King, 
Captain of Engineers . 

Brig. Gen. A. A. Humphreys, 

Chief of Engineers U. 8 . A. 


R i. 

IMPROVEMENT OF TENNESSEE RIVER ABOVE CHATTANOOGA. 

This work has been continued, as heretofore, by the hired-labor sys¬ 
tem, under Mr. F. T. Hampton, assistant engineer. 

With the exception of some delays, caused by high water, good prog¬ 
ress was made until the appropriation was exhausted, which occurred 
about the end of January, 1877. 

The boats, tools, and materials were then collected at convenient 
points and stored for future use under care of suitable watchmen. 

As explained in former reports, tbe object of improving this part of 
the river is to secure a low-water channel of sufficient depth for steam¬ 
boats and other craft across the numerous bars and shoals between 
Chattanooga and Knoxville, and the method of accomplishing this is by 
excavating rocks and gravel from the worst parts of the shoals and by 
building rock-dams to contract the width and thus increase the depth 
of water-way. 

The bed and banks of the Tennessee are exceptionally permanent in 
their nature, the bed being generally of rock at the shoals, and the banks 
consisting either of rocky bluffs or of earth protected by a dense growth 
of willows and other vegetation. This gives a remarkably permanent 
character to the improvements, since tbe dams have a stable foundation 
and tbe excavations in the channel are not liable to fill up. As stated 
in a former report: 

The absence of ice in this river is another reason why the dams may be considered 
permanent structures, and gives additional importance to these improvements, since 
the river can be navigated throughout tbe year instead of being frozen up for a con¬ 
siderable portion of the time. 

37 E 
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The following is a list of the steamboats and their registered tonnage 
now employed on the Upper Tennessee. Their carryiug capacity is es¬ 
timated to be one-fourth greater than the figures given: 


Name. 

Tons. 

Name. 

Tons. 

1, .1, T Wilder ......... 

185 


. 65 

2. It, M. Els hop... 

256 

7. Lucy Coker____ 

.i no 

[i. 1 "il v id Knoxville ... 

233 

8. May Bell. 

. 55 

4. K, 41, J FtCksi'tJ .... . _. 

110 

9. Harry Helm.... 

. 55 

5. Ida..,..... 

110 

10. M. A. Gee. 

. £) 





The following statement shows the quantities and values of different 
articles of commerce on this river, as far as I have been able to ascer¬ 
tain, for the year ending June 30,1877 


Articles. 


Com.,.bushels. 

Oats. do... 

Wheat .. . , r _..A.do... 

Bacon .. pounds. 

Lard .. do... 

Hay .. do... 

Flour..... ......barrels. 

Wood . cords. 

Cosil .tons. 

Pin iron ....do_ 

Iron-ore .,. do... 

s iw lin^.H , , .feet, (board-measure). 

Tan-bark.cords. 



1,930,000 
65,000 
185,000 
1 , 000.(00 
650,000 
990,000 
1,600 
2,000 
500,000 
10,000 
13,700 
8,000,000 
1,100 


1812,500 
30,000 
305.950 
100,000 
65,000 
ts 
it m 
7,000 
1 , 625 , 00 } 
200,600 
27, m 
64 . 0(0 
6.600 


Besides a large amount of miscellaneous freight. 

Work din ing the fiscal year has been directed to the improvement of 
16 different obstructions, as follows: 


Clinic yards— 


Location. 


Rock qua r-1 Rock in Rock ext* 
ritd. | darns. vated. 


(.’hot« shoals ........ 

Coulter's Sbon]s 
Sister's Island 

Buttle 1 * H*r___, 

LeiLuii-'u Shasta .._ 

Bonder's Shoals ..... 

Sweet winter Sbosta .... 

Seven Inland a ........ 

Lodtf Island Shoals... 

Canty Shoals.. 

Tnriit’r's Bar 

Ilnlf Monti Tshiril _ 

White's Crock Shiah 

Ha%U? Ridge ...... 

Kelly's Shiah........ 

Smldy Shoah_ 


1,200 


710 ! 
1,490 : 


4 A 

1 *’ 

e 

41 


Totals. 


275 ! 


660 


200 

500 

1,050 


690 

36 


3,595 


600 
470 ; 


& 

61 


5,746 , 




There were also about 105 cubic yards of gravel excavated and 30 
snags and a mimher of overhanging trees removed. 

The number of men employed has varied during the working period 

from 35 to 249. 
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It is of course impossible to attain a great degree of economy in work 
when the funds are exhausted in the middle of the year, since some of 
the expenses, especially in starting and closing a work, are almost as 
great when the work continues only six months as they would be for a 
whole year. In addition, there is liability to damage from floods, and 
inconvenience to commerce may result in case the work is left in an un¬ 
finished state. These difficulties have been o.bviated as far as they could 
be foreseen, though in one case, at Ghota Shoals, owing to the fact that 
it became necessary to stop work when the water was but partly turned 
into the new channel, there is actually less depth of water than when 
the improvement was begun. It is hoped, therefore, that an early ap¬ 
propriation will be made for completing this improvement and that the 
amount will be sufficient for an entire year’s work. 

The record of the gauge kept at the bluffs near this city will be found 
plotted on a sheet herewith iuclosed. As it is brought up from January, 
1870, to the end of the fiscal year, it includes two flood-periods of the 
river following the great flood of 1875. From this it will be seen that 
the average maximum rise during these two periods was but little more 
thau three-fifths the height of the flood of 1875. 

The estimate of cost of improving the Tennessee Eiver above Chatta¬ 
nooga was originally assumed to be $175,000. This has of necessity been 
increased by the construction of additional dams at various points and 
other contingencies, as explained by Major McFarland in report of the 
Chief of Engineers, 1874, page 573. 

There has been appropriated for this work: 


By act of 1871, authorizing the expenditure of $35,000 of the $30,000 appro¬ 
priated by act of 1870 for improving'Tennessee River below Chattanooga... $35,000 

Act of 1H72, for improving Tennessee River below Chattanooga. 25,000 

Act of 1873, for improving Tennessee River btlow Chattanooga. 25,000 

Act of 1874, for improving Tennessee River below Chattanooga. 25,000 

Act of 1875, for improving Tennessee River below Chattanooga. 40,000 

Act of 1876, for improving Tennessee River below Chattanooga. 15,000 


165,000 

The above amount has been expended, excepting a balance of $167.28, 
which is ueeded to pay outstanding liabilities, consisting of pay for serv¬ 
ices due laborers and remaining unpaid. 


Money statement. 


Jnly 1, 1876, amount available.*. $7,862 01 

Amount appropriated by act approved Angnst 14,1876. 15,000 00 


July 1,1877, amount expended during fiscal year. 22,694 73 

July 1, 1877, outstanding liabilities. 167 28 


Amount (estimated) required for completion of existing project. 

Amount that can be profitably expeuded in fiscal yeareudiog Juue30,18i9. 


$22,862 01 

22,862 01 

60,000 00 
35,000 00 


R2. 

IMPROVEMENT OF TENNESSEE RIVER BELOW CHATTANOOGA. 

Work on this portion of the river has been confined to Muscle Shoals 
md Colbert’s Shoals, and to examinations and surveys of certain other 
>arts of the river. 
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A.—ELK RIVER SHOALS. 

These shoals are at the upper end of the chain of obstructions known 
as Muscle Shoals and their improvement has beeu contemp’ated and 
estimated for in all schemes for the improvement of the Tennessee River. 

The usual plan recommended has been to extend the Muscle Shoals 
canal along the north side of the river and around these Shoals to a 
point near the upper end of Brown’s Island. (See map herewith.) The 
estimate for this is $1,115,000. It will be noticed that this line crosses 
the month of Elk River, a stream but little known, but which drains 
more than 2,000 square miles of country, or about the area of the whole 
Stateof Delaware. To cross this stream, except by an aqueduct, wonld 
be an extremely dangerous experiment, and would require a guard lock 
below the river high enough to reach above the highest floods iu either 
Elk River or in the Tennessee. 

With a view to avoiding this difficulty, and of taking advantage of 
some 5 miles of deep water in theTeunessee above the mouth of the old 
canal, a resurvey of the south shore of the river from Brown’s Island to 
Lamb’s Ferry wasauthorized by tbeChief of Engineers, and was completed 
in January last by Mr. Paul Le Hardy, whose report is appended. From 
this it appears perfectly feasible to take the south side of the river, and 
that the cost will be greatly reduced thereby. His estimate, which ap¬ 
pears liberal, and includes 25 per cent, for contingencies, is $736,249, or 
$378,750 less than the lowest estimate for the canal on the north side of 
the river. 

No work has yet been done on these shoals, but as they form an 
essential part of the Muscle Shoals obstructions, it is desirable that 
work on them should be begun as soon as possible, in order that it may 
be completed at the same time as the work on the Muscle Shoals proper, 
and the estimate of funds required for the next fiscal year has beeu mask 
with that object in view. 

B.—MUSCLE SHOALS CANAL. 

This work is a continuation of the enlargement aud rebuildiog of the 
old canal around Big Muscle Shoals. 

The work has been carried on under six different contracts, all ^ 
one of which have been completed and closed during the year. 

The following tables show the quantities of work doue under eack 
contract during the year: 


Contractors. 

Section. 

Date of contract 

A 

§ 

W 

Earth embank¬ 
ment 

4 

5 

8 

1 

? 

* 

1 

SB 

-c 

9 

* 

0 

I 

W 

T. Ford St Co. 

Foster, Wlohl St Jackson. 

M. G. Kennedy. 

Do. 

Do. 

Do. 

1 

2 

3 

4 

5 

6 

7 

1875. 
Deo. 13 
Dec. 13 
Dec. 13 
Deo. 13 
Deo. 13 
Deo. 13 
Dec. 13 

O.yds. 

4.188 
9,139 
10,074 
21,567 
15,968 
2,651 
1,806 

O.yds. 

2,113 
7,079 
14,619 
6,308 
12,817 
9,177 
1,283 

O.yds. 

18,499 

8,207 

5,246 

3,304 

16 

CL yds. 
857 
178 
1,312 
417 
672 

Acres. 

3.08 

L 340 
L5& 
9.13 
.80 
9.40 
; 1.70 

Lsas* 

: n, is * 

u.*; 

kl** 

Rice St Reid. 



Total. 



<&7U* 

65,393 

53,396 

35,272 

3,436 

45.73 
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Contractors. 

Look. 

Date of contract. 

Earth excava¬ 
tion. 

Bock excavation. 

08 

a 

« >» 

• *- 
p a 

I s 

a 

O 

Bubble masonry. 

Concrete. ] 

. I 

Bemoval of old 
locks. 

Cost. 


1870. 

C. yd*. 

O. yds. 

CLydt. 

C.yd*. 

0.ydt. 

C.yds. 

! 13,544 50 

George Williams.... 

2 1 Oct 14 

1,370 

3,902 






Do. 

3 Mar. 31 

121521 

lj 850 

020.7 

1,805.4 

39.9 

1,358.1 

| 34,’ 109 90 

Do. 

4 | Mar. 31 

6,393 

2,123 

1,019.8 

3,752.8 


2,125.4 

52,154 88 

Total. 

•"i. 

20,290 

7,175 

1,040.5 

5,55a 2 

39.9 

3,483.5 

89,809 28 


Of the stone removed from the old locks, 10/^ cubic yards have been 
used as “facing,” and 793 T V* 5 cubic yards have been used as “ backing,” 
in the construction of new locks 3 and 4, and for which the contractor 
has paid the United States the sum of $316.60, in accordance with the 
terms of his contract. 

The contract of Mr. George Williams for the building of locks 3 and 
4 was to have been completed by the 1st of July last, but he has applied 
for and received an extension of time until the 1st of October next. 

Duriug the year two assistant engineers, Messrs. James O. Long and 
William M. Gordon, each with a small engineering party, have been 
stationed on the line of the canal to give grades, make cross sections, 
inspect materials, and see that the work was executed in accordance 
with the specifications of the contracts. 

These engineering parties have also made additional surveys of cer¬ 
tain parts of the line with a view to the future prosecution of the work, 
and have superintended small working-parties that have been employed 
from time to time to repair and protect portions of the work from dam¬ 
age by rains and floods. 

Under the contracts for section-work about 8 miles of the canal-trunk 
have been completed, with the exception of dams at waste-wiers at the 
crossings of several creeks which intersect the line of the canal. These 
dams will not be put in until the locks are all built and the rest of the 
canal is nearly ready for use. 

Under the lock-coutracts the foundation-pits of three locks have been 
excavated, a large quantity of stone has been quarried and cut, and the 
walls of two of the locks were about two-thirds completed at the end of 
the fiscal year. 

The locks are 300 feet between miter-sills, 60 feet wide in the cham¬ 
ber, and from 5 to 12 feet lift, the walls being of substantial cut stone 
and rubble masonry 5 feet thick at top and from 9 to 11 at base, with 
snitable buttresses, culverts, and wing-walls. From the best informa¬ 
tion we can obtain by test-pits the indications are that all the locks can 
be securely founded upon solid rock. 

Owing to the great width of the locks, as compared with the depth of 
water, the width in the upper bay being ten times the depth, the upper 
?ates, if built on the old miter plan, will be considerably out of propor- 
;ion, and will require recesses some 36 feet long, which lengthens out the 
side walls of the lock by about that distance. As an improvement on 
.his arrangement, Lieutenant Marshall, Corps of Engineers, has proposed 
i form of drop gate, which appears well worthy of trial, and if it can be 
ipplied to the locks yet to be built will save some 4,000 cubic yards of 
nasonry, besides a considerable saving in the cost of the gates them- 
lelves. Lieutenant Marshall also proposes a modified form of drop-gate 
or the lower gates, which would also effect quite a saving in the cost 
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of tbe locks, though their feasibility is not as apparent as in the case of 
the upper gates. 

On the 15th of May last proposals were opened at this office for the 
building of 5 new locks, Nos. 6, 7, 8, 9, and 10. 

The abstract appended shows the proposals received, from which it 
will be seen that several responsible parties offer to build these 5 locks 
for less than $200,000, or an average of $40,000 each, which must be 
considered as highly advantageous terms for the Government No 
award was made up to the close of the fiscal year, though it is hoped 
the contracts will be made in time to allow the contractors to make at 
least a good beginning this season. 

The old canal had 17 locks, of about 5 feet lift each, bat it has been 
found much cheaper in first cost, and will be still more economical in 
working, to use a smaller number of locks with a greater lift. This 
makes a slight increase in the quantity of embankment, but the cost of 
this is but a fractiou of the cost saved in masonry, lock-gates, &c. 

But 10 locks are required, the lifts varying from 5 to 12 feet, as shown 
iu the following table: 

Locks on Muscle Shoals Canal. 


Number. 

Number of old looks replaced. 

Lift. 

1 

C 8 

Under contract ...< 3 
t 4 

5 

{? 

Proposals received < 8 

u 

1. 

Guard-lock. 

6 feet. 

13 feet. 

10 feet 

10 feet 

5 feet 

10 feet 

13 feet 

10 feet 

10 feet 

85 feet 

2. 

3,4, and 5. 

6 and 7...... 

8 and 9..... 

10... 

11 and 18. 

13 and 14. 

15. 

16 and 17. 

Total lift. 



From this table it will be seen that in case the proposals received are 
accepted all the locks will be under contract but one guard-lock and one 
lift-lock. 

Among the creeks crossing the line of the canal, which are generally 
small, is one of considerable size called Shoal Creek, which drains more 
than 500 square miles of territory, or nearly one-half the area of the 
State of Rhode Island. 

In the re arrangement of locks it was found practicable to provide for 
carryiug the trunk of the canal over this stream on an aqueduct, aod 
the smooth, rocky bed of the stream was found also favorable to this 
plau, which will enable us to get rid of what must otherwise prove a 
very troublesome customer during its flood-stages. From preliminary 
estimates it has been found that this aqueduct can b© built with stone 
piers and a wooden or iron truuk for from $40,000 to $80,000, according 
to the material used. I find from a report of the Board of Internal Im¬ 
provements in 1832 that they recommended this very plan for crossing 
Shoal Creek in the original project for the canal. I am also iufortned 
that the substitution of a dam and open crossing of the creek for an 
aqueduct, which was probably done for want of funds, was one of the 
causes which led to the disabling and final disuse of the old canal. 

The low prices for which contractors seem anxious to do work and 
the very considerable quantities of masonry saved by diminishing the 
number of locks, as already explained, will probably bring the entire 
cost of this work far within the original estimate, and for the same rear 
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son the time required to complete the work can be very much shortened, 
provided, of course, that the appropriation is large enough to carry on 
the work to advantage. 

In testing cements offered by the contractor and manufacturers, a 
large number of experiments have been made, which will be useful in 
connection with my future work in this vicinity requiring hydraulic 
cement of good quality. Iu addition to the tests made with a large 
machine and specimens and 2 inches square, a small ma3hine has 
been constructed with special reference to testing samples from each 
barrel delivered at the work. These samples were mixed iu a uuiform 
manner and pressed in brass molds, forming specimens 1 inch square 
and 4 inches long. These specimens were allowed one day to dry in the 
shade and were then immersed for six days in fresh water. They were 
then broken by a steady pressure in the machine, the points of support 
being 3 inches apart, with a bearing directly over the middle. The 
machine worked admirably, and its bulk and cost are so small as to lead 
me to think it may be found useful elsewhere. I therefore inclose a sketch 
of this little machine, the details of which will be understood without 
further description. 

Some questions having arisen as to the quality of the stone in cer¬ 
tain quarries iu the vicinity of the canal, specimens from several quar¬ 
ries were sent to Capt. Alexander Mackenzie, Corps of Engineers, at 
Louisville, Ky., who had facilities for testing their qualities, and who 
has kiudly furnished a report on the same. 

In order to facilitate the copying of drawings and to furnish means of 
making an accurate representation of the work from time to time, as it 
progresses, authority was obtained from the Chief of Engineers to pur¬ 
chase a camera and other necessary apparatus and materials for taking 
photographic views, and Mr. Julius Shutting was detailed to use the 
apparatus, in addition to his regular duties as draughtsman. This he 
has done in a very satisfactory manner, and the photographs furnish 
not only a satisfactory index to the progress of the work, but, being 
taken from known points and in specified directions, they can at any 
time be repeated, and will furnish unmistakable records, which can be 
referred to at any future time to settle doubtful questions that may arise 
relative to the condition of the work on a given date or to changes that 
have taken place. They have already proved quite valuable in that re¬ 
spect, aud I venture to forward with this report 7 of them, which are 
characteristic views of the work and its surroundings at the end of the 
fiscal year, in the hope that by meaus of Woodbury’s process or other¬ 
wise it may be practicable to have them printed with this report. 

C.—LITTLE MUSCLE SHOALS. 

This obstruction, which lies between Big Muscle Shoals and Florence, 
Ala., has a total fall of about 22 feet in a distance of 6 miles, and an 
estimate has been made for improving it by means of locks and dams, 
at a cost of $902,500. (Report of the Chief of Engineers, 1872, page 
501.) 

From a personal examination of this obstruction, I am satisfied that 
it can be made navigable at all stages of the water by a system of im¬ 
provement similar to that applied on the Upper Tennessee aud the Cum- 
oerland. The conformation of the river at that point, especially in re¬ 
gard to uniform slope and the location of islands, is such that the 
'equisite depth of water can easily be obtained, and the velocity of the 
mrrent will undoubtedly be less than at several other points on the 
iver. 
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Last spring a small steamboat ascended this shoal, with barges in 
tow, until almost the low-water season, and was only stopped by want 
of water. 

As a small fraction, say one-tenth, of the cost of building locks oa 
these shoals will give as great a depth of water on them as can be oh* 
tained throughout a considerable portion of the river both above and 
below Muscle Shoals, (without an expenditure of money far greater than 
has yet been contemplated,) and as the improvement in this way can be 
supplemented, if found desirable, either by wire-rope towage, as sug¬ 
gested for Smith’s Shoals on the Cumberland, or by locks ami dams, 
without increasing the cost of the whole work above what it would cost 
to adopt the more expensive plan at first, since nearly all the provisions 
for deepening the channel would be required in either case, it appears 
decidedly better to begiu with the cheaper and more expeditious plan 
of improvement. 

It is believed that all the work that will be required on these shoals 
can be completed in one year, aud as this would allow boats to rim lift 
to the mouth of the canal at all times, it would greatly facilitate deliv¬ 
ery of supplies and materials needed for that work. 

See maps of Muscle Shoals, herewith. 

D — COLBERT SHOALS. 

These shoals form the most serious obstruction to navigation on 
Tennessee River below the Muscle Shoals. Considerable work has 1 
done on them from time to time, and it was the intention to comj 
their improvement last season, but owing to unusually iiigli water,] 
other causes of delay, it was fouud impracticable to do so* 

There were, during the working season, 167J cubic yards of rc 
cavated from the channel, and 1,055 cubic yards of rock quarried* 
2,198 cubic yards placed in dams. Work was suspended ou the 
of November, 1876, and was not recommenced before the close of 
fiscal year, on account of the continued high water. It is now (Ai 
6) making good progress; and, with an average season lorchanuel-i 
will be completed before the 1st of January next. 

The Tennessee River is, I believe, situated in the collection-district ol New Ot 
T he amount of revenue from customs collected from the nearest port entry { 
Orleans) has not been ascertained, as it will be embraced in the report of the eng 
officer in charge of river and harbor improvements at that port. 

The original estimate of the cost of improving the Tennessee River. 
below Chattanooga , is as follows: 

Estimate of Maj. G. Weitzel “to improve the river from its month to Flor¬ 
ence, Ala., and from Decatur, Ala., to Chattanooga, Tenn.” (Report Clm* f 

of Engineers, 1870, page 389). . >13 

Estimate of Major McFarland “ for improving Mnscle Shoals,” (Report Cliif f 
of Engineers, 1873, page 544).. ... . i, ( 

Original estimate of entire work.. .. -i, ] 

From the general appropriations, for “repairs, &c., of public 
on rivers and harbors,” &c., there has been appropriated for tins 

An allotment in 1868 of.. 

An allotment in 1869 of....... 
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By special appropriations: 


Act of 1870 .. $45,000 

Act of 1872... 50,000 

Act of 1873 . 100,000 

Act of 1874 . 100,000 

Act of 1875 . 360,000 

Aqt of 1876 . 255,000 


1,035,500 

At the close of the fiscal year, $603,829.04 of the above amount had 
been expeuded. Balance to be appropriated, $3,097,500. 

Probably not more than two-thirds of this amount will be required, 
in view of the reductions made and to be made, as explained in the 
foregoing report. 

Money statement. 


July 1, 1876, amount available... $359,935 92 

Amount appropriated by act approved August 14, 1876. 255,000 00 

-$614,935 92 

July 1,1877, amount expended daring fiscal year. 183,264 96 

July 1, 1877, outstanding liabilities. 10,474 64 

- 193,739 60 


July 1, 1877, amount available.. 421,196 32 


Amount (estimated) required for completion of existing project.3,097,500 00 

Amount that can be profitably expended in fiscal year ending June 30,1879 . 745,000 00 
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REPORT OF MR PAUL LE HARDY, ASSISTANT ENGINEER. 

Chattanooga, Tenn., January 29, 1877. 

Captain : 1 beg to submit herewith my report on the examination of the Tennessee 
River from Guntersville, Ala., to Brown’s Ferry, and on the resurvey of the Elk River 
Shoals. 

In accordance with instructions received from you, dated October 23, 1876,1 pro¬ 
ceeded to Guntersville to take charge of the survey-boats left there by Mr. W. G. Will¬ 
iamson, assistant engineer. 

Rainy weather haviug set in just before my arrival at Guntersville, I was anxious to 
reach the Elk River Shoals before the river became too high and muddy to permit of a 
satisfactory examination there. I therefore made hurried examinations of the various 
obstructions between Guntersville ahd Brown’s Ferry without stopping the large boats ; 
for, owing to the very low stage of the river, there was very little current, and the small 
number of men we could accommodate on the boats made our progress slow enough. 

At Guntersville the river is about 30 feet deep; this depth gradually decreases as we 
approach 


BEARD’S REEF, 2 MILES BELOW GUNTERSVILLE. 

This consists of a ledge of limestone running straight across the river from the south 
bank to within 250 feet of the north bank. At low water there is a depth of only l',8 
in this channel, while the reef is almost bare. 

About 400 feet below this “ chute” is a broad gravel-bar, extending from the north 
bauk half-way across the fiver, compelling boats to turn immediately below the reef, 
and run to the south side of the river. 

Three-quarters of a mile below' this reef, 

beard’s bluff, 

a high limestone ridge, ends abruptly at the water’s edge, and canses the river to take 
a northerly course for a couple of miles. The water is over 10 feet deep opposite this 
bluff, and remains deop down to the 

MOUTH OF FLINT, 18 MILES BELOW' GUNTERSVILLF. 

There are 2 snags in the channel opposite, or a little below the mouth of Flint River. 
The water is from 4 to 10 feet deep in the channel, which at this point is on the north 
side, but turns to the south side from just below the mouth of the Flint. 

From this point there is deep water to 

COBB’S ISLAND, 


which begins about 23 miles below Guntersville. The main channel is on the south 
side, and the least depth found is about 4 feet until near the foot of this island, which is 
about 3 miles long, where a reef extends across the channel, and there is not over 2 feet 
of water on it at the lowest stage. As the current is not very strong, gravel and some 
drift form a bar extending a few' hundred feet below the reef. 

One mile below this reef is Whitesburg, a landing some 9 miles south of Huntsville, 
and about 27 miles below Guntersville. 

Three-quarters of a mile below Whitesburg is a reef or broad, shallow, limestone bar, 
on which there is at low water only about 2 feet depth, the “ chute” being near the 
middle of the river; fall very light. 

From here the river becomes deep again for a long distance. 

LIMESTONE SHOALS, 


the next obstruction, is about 55 miles below Guntersville. The river here averages 
about 2,000 feet in width, bottom very even, of solid limestone. 

A reef extends across the river about f of a mile below the mouth of Limestone 
Creek, over which there is 2£ feet at low water, with shallow water for about 100 yards 
above and below tbo reef. 

The steamboat-channel is from 200 to 300 feet from the north bank, and a dangerous 
rock stands on the reef just in the channel. 

From Limestone Shoals to Decatur, about 6 miles, there is good water without ob¬ 
structions. 

At Decatur the “draw” in the Memphis and Charleston Railroad bridge gives a 
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channel of abont 60 feet only, and is too close to the shore to allow an easy passage to 
steamboats. 

From Decatur to Brown’s Ferry, a distance of 12 miles, there are no obstructions. 

To improve the river at the various points already mentioned, I would propose the 
following plans, viz: 

At beard’s Beef, a wing-dam thrown across the stream just below the reef from the 
south bank to the onter edge of tbe boat-chute probably will give depth enough in the 
channel; another dam below to prevent the water thus gained-from being lost over the 
gravel-bar. 

1,600 linear feet of riprap dams, at $10 per linear foot.$16,000 

At mouth 6f Flint , the removal of 2 snags will leave the channel clear of obstructions, 
with a depth of from 4 to 10 feet at low water. 

Removing 2 snags, at $25 each.$50 

At Cobb 1 8 Island, a wing-dam about 600 feet long, will, it is believed, give the requi¬ 
site 4 feet depth at low water. 

Opposite, or a little below the head of Cobb’s Island, stone could be bad from Cof¬ 
fee’s Bluff. 

600 linear feet of riprap dams,-at $10 per linear foot.$6,000 

At Whitetburg Shoal , as this place is shallow for some distance, excavating a channel 
would be too expensive, and the fall being very light, perhaps the best way to over¬ 
come the shallow water is to build 2 wing-dams from ibe opposite shores, leavings 
channel where there is most water now. 

1,500 linear feet of riprap dams, at $10 per linear foot.$15,000 

At Limestone Shoah , a dam along the reef from the south bank to the boat-chamiel, 
near the north bank, and a retaining-dam ofabont 100 yards,would wakethe channel 
availahle to boats drawing 3 feet of water. 

2,000 linear feet of riprap dams, at $10 per linear foot. $20,000 


KLK RIVER 8IIOALS. 


The survey of this portion of the Tennessee River was begun on the south bank, a 
little above tbe head of Brown’s Islaud. Search was made for some station of the sur¬ 
vey of Ml as a point to start from, but none could be found ; tbe original line having 
been run in fields, the stakes were all plowed up. Bench-marks had been mutilated, 
and tbe elevations completely effaced oy time. A line of levels was started with an 
assumed elevation of 500 feet above tide. 

Frequent triangnlation was made to ascertain the width of the chanuel, and espe¬ 
cially to locate lines of soundings. 

Down as far as station 59-f-67 the depth of water ranged from 4 to 10 feet. Fre¬ 
quently this depth could be found right close to tbe banks. 

Below station 59-f 67 commences a series of reefs extending across the ohannel and 
down as far as station 94; least depth of water in boat-chute is 1.6 feet at lowed stage, 
but tbe chute is so crooked as to be entirely unavailable at low water for other than 
light flat-boats. 

It is therefore deemed necessary to extend a riprap dam from the island toward the 
south bank, aud a retainiug-dftm down to the foot of this shoal, thus making a channel 
along the south bank of the river. Some rock excavation will be necessary to remove 
tbe crests of tbe reefs. 

The fall on this shoal is 0.89 foot in 3,400 feet, and will be no impediment to naviga¬ 
tion. 

From station 94 to station 120, there is from 3 to 4 feet of water in the channel. 

Opposite station 120 begins another series of reefs, extending down as far as station 
145, with very nearly 4 feet in tbe channel between the reefs. As the best water is io 
the middle of the river, I propose to raise the water by building at tbe foot of the 
shoal 2 wing-dams from both banks toward the chute, leaving an opening about 400 
feet wide. 

Some excavation wiil also be necessary to clear the channel of some projecting rocks 
and a portion of the upper reef. 

The fall on this shoal is 0.64 foot in 2,500 feet. 

From station 145 to the foot of Brown’s Island the depth of water as from 4 to over 
10 feet. But the river is shallow half-way from the foot of the island to the south 
shore, and remains shallow down to Milton’s Bluff, a mile and a half below. 

A series of reefs, with shallow water betweeu them, begins a little below the foot of 
Brown’s Island, and continues down to Miltou’s Bluff. The river here becomes very 
wide, and the fall is greater than ou the previous shoals. 

It will be necessary to confine the water of the south side of Browu’s Island into a nar¬ 
rower channel. A dam must be built from the foot of the islaud, almost directly down 
stream to a point opposite Wild-Goose Towbead, about 600 feet to the right of it, and 
from here a stronger dam to the to whead. This is to prevent drift-wood from accumulat¬ 
ing in the channel as it narrows below. From tbe towbead a retaining-dam gradually 
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approaching the south shore down to station 314, where the channel would be about 
300 feet wide. 

The fall from the foot of Brown’s Island to edly water, opposite the foot of Milton's 
Bln If, is 3.12 feet in 7,000 feet. 

Just below Milton’s Bluff is a large group of “ Towheads,” so closely united by piles 
of drift-wood that they are gradually formiug a large island, >aud would soon form 
part of the main-land were it not that the narrow channel, now open, is wanted to 
form a link in the proposed improvement of these shoals. 

It will be necessary to enlarge a portion of the channel existing between these tow- 
heads and the main shore, and turn it into a canal by building a large embankment in 
continuation of the system of dams, from the foot of Brown’s Island. Material for this 
embankment is to be found in the portions of the towheads that are to be removed, and 
from the bluffs, which along this channel terminate abruptly near the water’s edge. 

This canal would extend to what is kuowu as Gilchrist’s Old Mill, where the group 
of towheads ceases. 

The fall from Milton’s Bluff to the top of the fall at the old mill-dam is 4.42 feet, and 
to the foot of the fall it is 5.75 feet in 6.000 feet. 

In order to overcome this fall, it will be necessary to establish a lock where the old 
mill was. By giving this lock 12 feet lift, we can have slack-water up to the head of 
Brown’s Island. 

Just below the site of Gilchrist’s Old Mill occur some gravel-bars, and a little farther 
down a series of reefs continues almost without interruption to the head of Gilchrist’s 
Island. The river all along is shallow, and the water we have retained so far must still 
be kept by means of retaining-dams down to the head of Gilchrist’s Island. 

The fall from the Old Mill (foot of falll to the head of Gilchrist’s Island is 5.10 feet 
in 4,700 feet, and in order to secure good water over this distance a lock with 10 feet 
lift must be established near the head of Gilchrist’s Island. 

For about 2,000 feet below this point the water is shallow and rapid, with a fall of 
3.5 feet down toabout station 427, then the channel becomes narrower, averaging from 
300 to 400 feet in width, aud is from 3 to 8 feet deep. 

Opposite station 490 the channel becomes* shallow again, and at station 496 a reef 
extends across with only about 1.6 feet of water on it. The fall here is 3.70 feet in 
about 1,000 feet. 

This shoal corresponds to the “big jump” just below the mouth of Elk Rfver. 

To overcome this shoal and the oue above, a lock becomes necessary. It was thought 
the best place for it would be just below this last shoal; but as the water from here to 
the foot of the island does not reach 4 feet in depth, I think it would be better to have 
the lock near the foot of the island, below which there is again good deep water across 
the whole bed of the river. 

Nance’s Reef, at station 574, is 2,400 foet below the foot of Gilchrist’s Island; the 
best channel through it will be found about 300 yards from the north bank of the river, 
and is the preseut low-water boat-chute. 

Some excavation will be required here to deepen and broaden the channel. The fall 
being only about 0.3 feet will be no obstacle to navigation. 

The present width of the “chute” ihrough this reef is about 50 feet, with an aver¬ 
age depth of 2.5 feet at lowest stage of water. 

Above the crest of the reef ore many large cube-shaped rocks, measuring from one 
to four cubic yards, lying close together in the channel, which it will be necessary to 
remove. Channel to be 100 feet wide. 

From this reef to the Big Muscle Shoals, or the mouth of the caoal, there are no ob¬ 
structions, the depth of water being from 4 to 12 feet. 

This being the last obstruction, the survey closed here, and the boats were dropped 
down the river to be left at First Creek, or in the mouth of the canal, in accordance with 
instructions received from your office dated November 23, 1876. The water was found 
too low, however, to allow the passage of the boats down to First Creek, and the mouth 
of the canal was found some 2 feet above the level of the water in the river, with a 
heavy growth of trees completely shotting off the entrance. We were compelled then 
to tie up just above the mouth of the caual. 

From inquiry at Mr. Gordon’s camp, I learned he bad no men to spare to take charge 
of the boats until the stage of the river would permit their passage over the shoals. I 
therefore left the boats iu charge of Messrs. E. A. CralhS aud W. S. Scott. 

ESTIMATE FOR IMPROVEMENT. 


From Head of Brown’s Island to Foot of Milton’s Bluff. 


14,800 linear feet of riprap dams, at $10 per linear foot. $148,000 00 

5, 900 cubic yards rock-excav&tiou, at $3 per linear foot. 17,970 00 


165,970 00 
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Canal from foot of Milton's Bluff to Gilchrist's Old Mill-dam. 


4,047 cubic yards of rock-excavation, at $1.50. $6,070 50 

150 cubic yards old dam to remove, at $1. 150 00 

6,400 cubic yards earth-excavatioD, at 0.25. 1,60000 

2,500 cubic yards earth-embankment, at 0.25. 625 00 

l lock, 12 feet lift. 100,000 00 


274,415 50 

From Old Mill-dam to foot of Gilchrist's Island. 


6,500 linear feet of riprap dams, at $10 per linear foot. 65,00000 

13,528 cubic yards of rock excavation, at $3 per linear foot. 40,58400 

2 locks, 10 feet lift each, at $100,000... 200,000 00 


579,999 50 

Nance's Reef. 

1,500 cubic yards rock-excavation, at $6. 9,000 00 


588,999 50 

Adding 25 per cent, for engineering and contingencies. 147,250 W 


Total.. 736,249 Si' 

Very respectfully, your obedient servant, 


Paul Le Hardy, 
Assistant Engineer. 

Captain W. R. King, 

Corps of Engineers , V. 8. A. 


R 3. 

IMPROVEMENT OF CUMBERLAND RIVER. 


All the work done during the year on this river has been carried oa 
by hired labor, under the immediate supervision of Oapt. L. C. Ora 
man, Corps of Engineers, and has made good progress during the that 
it has been possible to carry it on. 

The exhaustion of one appropriation before the next one was made 
available has limited the working seasou to about 6 months belov 
Nashville, and 3£ months on the upper river. 

Work upon this river has been divided by the acts of Congress makis£ 
appropriations into five parts, as follows: 

1. Below Nashville, Tennessee. 

2. From Nashville to the Kentucky line. 

3. From Kentucky line to the foot of Smith’s Shoals. 

4. Smith’s Shoals. 

5. From Smith’s Shoals to the Falls of the Cumberland. 

For a statement of the commercial interests to be benefited bj the 
improvement of the Cumberland Eiver, see report of Captaiu Overman, 
appended hereto. 

I.—BELOW NASHVILLE. 


Work on this section of the river was in progress at the beginning «£ 
the year, and was continued, with the exception of parts of the moorfcs 
of August, October, and November, 1876, wheu it was interrupted b? 
high-water, until January, 1877, when the available funds were nearly 
exhausted. The boats, tools, and other property were then collect©* 
and placed in charge of watchmen at convenient points. 

During the unprecedented floods in January, 1877, when sucbh*w 
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was created on a number of western rivers, some of the boats were 
swept from their moorings and carried down toward the mouth of the 
river, but they were recovered and brought back with but little loss, 
excepting for salvage and towage. * 

The work has been distributed among the obstructions as follows: 

Harpeth Shoals, 335 cubic yards rock excavated from channel. 

Harpeth Shoals, 1,500 cubic yards stone pnt in dams. 

Davis Ripple, TOO cubic yards stone quarried for dams. 

Davis Ripple, 1,625 cubic yards stone put in dams. 

In addition to this, a large number of snags, loose rocks, and over¬ 
hanging trees were removed at various points between Nashville and 
the mouth of the river. 

Original estimate of cost of improving the Cumberland Ri ver below Nasbvile, $248,821 

The following appropriations have been made for this part of the 
river: 


Act of March 3,1871.$30,000 00 

Act of June 10, 1872.. 20,000 00 

Act of March 3,1873.... 25,000 00 

Act of March 3, 1875. 25,000 00 


Total. 100,000 00 

There has been expended for its improvement— 

In 1872. $15,901 57 

In 1873. 8,1&">67 

In 1874 . 21,506 04 

In 1875. 29,049 86 

In 1876. 12,365 25 

In 1877. 12,654 98 


Total.. 99,663 37 

Money statement . 

July 1, 1876, amount available. $12,991 61 

July 1, 1877, amount expended during fiscal year. 12,654 98 


July 1, 1877, amonnt available. 336 63 


Amount (estimated) required for completion of existing project. 148, 821 00 


Amount that can be profitably expended in fiscal year ending June 30,1879.. 100,000 00 

II.—ABOVE NASHVILLE. 

1. PROM NASHVILLE TO THE KENTUCKY LINE. 

An appropriation of $15,000 for this section of the river was made by 
act of August 14,1876, but was not made available until February, 
1877, when steps were immediately taken to organize working-parties. 
The boats and tools, no longer needed below Nashville, in consequence 
of the stoppage of work there, were broaght up, repaired, and utilized. 
Since that time the following work has been done: 

At Holliman’s Island Shoals. 

3,285 cnbic yards of stone quarried for dams. 

1,300 cubic yards of gravel excavated from channel. 

At Sand Shoals. 

2,640 cubic yards of stone quarried for dams. 

.380 cubic yards of rock excavated from channel. 

38 E 
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At Cub Creek Shoals. 

2,385 cubic yards of stone quarried for dams. 

440 cubic yauls of rock and gravel excavated from channel. 
33 logs aud overhang!ug trees removed from chauuel. 

At Bartlett's Bar . 

1,710 cubic yards stone quarried for dams. 

3 logs removed from chauuel. 


Money statement* 


'Amount appropriated by act approved August 14, 1876.$15,000 00 

July 1, 1*77, amount expended during tiscal year. $7, 817 73 

July 1, 1877, outstanding liabilities.:. 3,315 21 

- 11,132 94 


July 1, 1677, amount available 


3,867 06 


Amount (estimated) required for completion of existing project..107,155 ft' 

Amount that can be profitably expeuded iu fiscal year eudiug June 30,1879. 50,000 1*0 


2. FROM KENTUCKY LINE TO THE FOOT OF SMITH’S SHOALS. 


An appropriation of $10,000 was made for this section at the same 
time and under similar circumstances to that just mentioned. 

Early iu May working parties were organized ami the work startedat 
Wild Goose Shoals, with the result given below, viz: 

300 cubic yards of rock quarried for dams. 

150 cubic yards of rock excavated from channel. 

50 cubic yards of gravel excavated from channel. 

Money statement. 


Amount appropriated by act approved August 14, 1876.$10,000 Op 

July 1, 1*77, amount expended during fiscal year. $1,247 80 

July 1, 1877, outstaudiug liabilities.844 37 

-2,09217 


July 1, 1877, amount available. 7,907 S 

Amount (estimated) required for completion of existing project. Hl.609 11, 


Amount that can be profitably expended iu fiscal year ending June 30,1879. 40,Ou) 

3. SMITH’S SHOALS. 


The first appropriation, $25,000, was also made for this work by id 
of August 14, 1876, and was made available iu February, 1877. 

This obstruction, consisting of a succession of bad shoals, named, be¬ 
ginning with the lower one, Mill Shoal, Long Shoal, Whit© Cliff Hippie* 
and Shadowen Shoal, having a total length of over 8 miles, andaial* 
of 55 feet, is the most foimidable obstruction between the mouth of the 
Cumberland Kiver and the Gieat Falls, 374 miles above Nashville. 

The improvement of these shoals is very much needed to enable ve* 
sels to reach the coal fields in the vicinity of Rock Castle River, as 
as to turnish an outlet for the agricultuial products of that country. 

For a leport on the survey of these shoals, see Appendix R 5 to Re-J 
port of the Chief of Engineers, 1875. I 

The present scheme of improvement is being carried ou in acconlj 
anee with the recommendations in that report, with a view to securioffl 
additional depth of water in the channel, so as to increase the nnrabeil 
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of u boating tides v for coal-boats during the season. From the report 
referred to it will be seen that at present eight opportunities occur for 
loaded boats to go down from the foot of the shoals to Nashville, while 
there is but one to pass over the shoals. As the river below the shoals 
is being improved, there is still greater advantage to be obtaiued by 
increasing the depth of water on the shoals. 

While the present work is more particularly designed to improve down¬ 
stream navigation, I believe it can, at a very small cost, be utilized for 
up-stream navigation by adopting what is known as the Belgian system 
of towing, by means of a wire rope. Instead of leaving the rope on the 
bottom of the channel, however, it would probably be better to coil it 
on a drum as the boat ascends the rapids. 

I believe there are but two places on the shoals where this auxiliary 
would be necessary to enable ordiuary steamboats to asceud—one about 
3* miles long, and the other less than 1 mile. At each of these poiuts 
could be stationed a small, staunch scow, carrying a 15 or 20 horse¬ 
power engine and a drum large enough to hold the necessary length of 
rope, to be wound up by the engine. This whole outfit need not cost 
more than $10,000 or $15,000 for both places, and the ruuuiug-expeuses 
would probably be much less than the cost of operating a system of 
locks. 

The cost of a system of locks and dams for these shoals has not been 
estimated in detail, but it would necessarily be very great, probably 
more thay $1,000,000; and it should be remembered that the passage of 
locks causes delay to down-stream as well as to up stream navigation, 
whereas the open chaunel and towage system provides not only a free 
but an accelerated passage dowu stream. 

I am uot fully prepared at present to recommend a trial of this system 
at Smith’s Shoals, but when sufficient progress has been made in pro¬ 
viding a suitable channel and further data have been obtained relative 
to the velocities and direction of the current at certain poiuts, a more 
detailed statement of the matter will be presented. 

In the mean time it may be stated that the possibility of utilizing the 
work now going on to provide for an up-stream uavigatiou gives addi¬ 
tional importance to the work and furnishes auother reason for its com¬ 
pletion without delay. 

The work doue on this section during the fiscal year is as follows, viz: 

6,120 cubic yards of stone quarried for dams. 

3,060 cubic yards of stone put in dams. 


Money statement 

Amount appropriated by act approved Angnst 14, 1876. $25,000 00 

July 1, 1877, amount expended during fiscal year. $7,427 11 

July 1, 1877, outstanding liabilities... 4,884 49 

- 12,311 60 


July 1, 1877, amount available... 12,688 40 

Amount (estimated) required for completion of existing project. 45,000 00 


Amount that can be profitably expended in fiscal year eudiug Juuu30,1879. 45,000 00 

4. FROM SMITH’S SHOALS TO THE FALLS OF THE CUMBERLAND. 


The appropriation for this work, of $2,0. 0, made by act of August 14, 
J_87b, was made available in February, 1877. 

As it was deemed advisable to organize parties for the other sections 
first, nothing was doue ou this seciion. It is expected, however, that 
all the work that the appropriation will admit of will be done before the 
close of the present working season. 
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Money statement. 


Amount appropriated by act approved Angust 14, 1876.$2,000 00 

July 1,1877, amount available... 2,000 00 

The estimates of cost of improving the Cumberland River above Nash- 
ville are as follows: 

From Nashville to the Kentucky line, (Shnt-iu Shoal).$122,155 00 

From Kentucky line to Smith’s Shoals. 91,009 00 

(See Report Chief of Engineers, 1872, pages 471 and 472.) 

For Smith’s Shoals. 70,000 ft) 

(See Report Chief of Engineers, 1875, page 796.) 


Total estimate. 283,764 U) 

Appropriated by act of August 14, 1876: 

From Nashville to the Kentucky line. $15,000 00 

From Keutucky line to the foot of Smith’s Shoals. 10,000 M 

For Smith’s Shoals. 25,000 ft' 

From Smith’s Shoals to the Falls of the Cumberland. 2,000 w 


Total appropriated. 52,000 On 

Amount expended. 16,492 64 


This work is, I believe, in the collection-district of New Orleans. The amount of 
revenue collected at the nearest port of eutry is uuknown to me. 


REPORT OF CAPTAIN L. COOPER OVERMAN, CORPS OF ENGINEERS. 

United States Engineer Office, 

Nashville^ Tenn ., November 7,1876. 

Captain : In reply to your letter of November 1,1 have to respectfully submit t k 
following: 

There are in all about 14 steamers engaged in commerce on the Cumberland: 
from 600 to 500 tons each, at d 5 of from 125 to 260 tons; the latter are alone able 
in all parts of the river. Average tonnage is therefore about 320 tons. These steaa- 
crH inn between Nashville and the various cities on the Cumberland, Tennessee, Oka 
and Mississippi rivers. During high-water season the smaller class of steamboats 
ascend Caney Fork and Obed’s River, branches of the Cumberland. 

The Cumberland River is navigable for all of the above steamboats for 6 mootb«a 
the year from Nashville to the mouth of the river; from 6 to 8 months from NashrUfe 
to the mouth for boats drawing 3 feet or less, aud from 9 to 10 months from Nashril* 
to the mouth for boats of about 20 inches draught. Distance, 192 miles. 

Above Nashville the Cumberland is navgable to Poiut Burnside, (crossing points 
the Cincinnati Southern Railroad,) a distauce of 358 miles, for from 4 to 6 months, 
steamers of 3 feet draught or less, aud from 2 to 3 months for the larger boats. 

From Nashville to Bucksville,230 miles above, the Cumberland is uavigable forfr® 
5 to 7 months for steamers of 3 feet draught or less, aud from 3 to 5 mouths forbr^* 
boats. 

From Nashville to Carthage, 120 miles above, the Cumberland is navigable from fi* 
8 months for steamers of 30 iuckes draught or less, and from 4 to 5 months for the lug# 
boats. 

Flat-boating is not carried on extensively upon the Cumberland, except to brings 
coal from points above Point Burnside, aud this is only practicable during occaenW 
high stages of river, about four or five during the year. A small quantity of prods* 
and some tobacco find their way to a market by aid of the fiat-boats. 


Cotton.. 
Tobacco 
Corn ... 

Oats. 

Wheat., 
Flour... 
Salt .... 


Table of exports and imports of Nashville by river . 


Articles. 


Exported by 
liver. 


Received ft« 
above Safe 
ville. 


.bales.. 

hojrsbetds.. 
...bushels.. 
...bushels.. 
.. .bushels.. 
— barrels.. 
—barrels.. 


3,785 

5,487 

196,000 

3.680 

1.080 

10.4M 

7,340 


Z5J 

am 
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Also about 10,000 tons of uiiscellaneoas freight. Fifteen million feet of saw-logs are 
annually floated from the upper river to Nashville, and about 7,500,000 fret are floated 
on the lower river. About 500,000 bushels of coal are annually shipped by the mines 
above Nashville. Th* re are nine furnaces for the manufacture of pig-iron below* 
Nashville, on the liver, whose annual average product equals 10,000 tons of metal. 

The exports by river, which uow amount uunually to anout $10,000,000, might be in¬ 
creased to $20,000,000, or more, were the river more reliable for navigation. 

Very respectfully, your obedient servaut, 

L. COOPER OVERM.VX, 
Captain of Eh gin tits, 

Capt. W. R. King, 

Corps of Engineers, 


R 4- 


IMPROVEMENT OF COOSA RIVER, GEORGIA AND ALABAMA. 


As soon as the Appropriation of $30,000 for the improvement of the 
Coosa River, act of 1876, was made available, Lieut. William L. Mar¬ 
shall, Corps of Engineers, was directed to proceed to Rome, Ga., and 
organize parties for the immediate prosecution of the work. After an 
examination of the river, from Rome, Ga., to Greensport, Ala., the por¬ 
tion of the river at present navigated, during a very low and hence a 
very favorable stage, he selected 13 shoals upon winch there are less 
tbau feet depth at low-water, and it was decided to begin work on 
these shoals. Parties were therefore organized, and the necessary boats, 
tools, &c., procured, and work commenced at Horse-leg Shoals, miles 
below Rome. 

Other parties will at once be set at work on the shoals below, and it 
is expected that by the end of the present working season this portion 
of the river will be put in good navigable condition. 

Another important part of the improvement, which will be begun as 
soon as practicable, is that part of the river between Greensport and 
the Selma, Rome and Dalton Railroad Bridge. The obstructions here 
are of a more formidable character and will require considerable money 
for their removal, but it is believed that the importance of the work will 
amply justify the expenditure. 

The lirst object gained will be to open the coal-fields of Saint Clair 
County, Ala., to the people of Rome and the owners of the various iron¬ 
works and other manufacturing establishments along the Coosa, which 
are languishing for the want of cheap coal. 

Second, it will furnish an outlet for the agricultural products of a 
large section of Northeastern Alabama and Northwestern Georgia, and 
I am informed that it would enhance the value of large tracts of land 
still owned by the United States; and, finally, it will supply an impor¬ 
tant link in the navigable water-line of over 800 miles in length, con¬ 
sisting of the Coosawattee, Oostenaula, Coosa, Alabama, and Mobile 
rivers, extending from near the Tennessee line to Mobile, Ala. 

In his report of 1871, (Report of Chief of Engineers 1871, p. 564,) 
Gen. J. H. Simpson says: 

The testimony of the pilots and steamboat men generally is to the effect that the 
Coosa River is always navigable from its mon h to Wetumpka whenever the Alabama 
River is navigable from Mobile to Montgomery. As it is very seldom that, navigation 
is closed between Mobile and Montgomery because of the low stage of water, it is fair 
to assume that the opening of the Coosa River to navigation between Wetumpka and Gre.ens- 
port 'will be the virtual opening of a channel for direct trade between Rome, Gaand Mobile , 
Ala., via the Mobile , Alabama , and Coosa rivers , $c. 


Of the 815 miles, including the Oostenaula and Coosawattee rivers, 
tliat would thus become navigable all but 137 miles, from Wetumpka to 
Greensport, are now navigated by steamers. 
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The Coosa Hiver is au exceptionally favorable one for improvement, 
since its mean depth is greater iu comparison with its averaged width 
than most of the western rivers, and its banks and channel are gener¬ 
ally well defined and permanent. The necessity for its improvement 
has been repeatedly urged by legislatures, commercial’societies, and 
engineers. 

The original estimate for the improvement of the Coosa River from the 
Selma, Rome and Dalton Railroad Bridge to Greensport was $470,66$. 
(Report of Chief of Engineers, 1872, p. 543.) 

This estimate was based on a minimum depth of channel of feet 
at low-water. Lieutenant Marshall is of the opinion that a depth of 3 
feet, which would probably be sufficient for all present needs of com¬ 
merce, can be obtained for less than two-thirds of that snm, or $313,000. 

It is also probable that a still further reduction can be made by sub¬ 
stituting at some of the shoals, as at Ten Islands and Whistenanfs 
Shoals, wire-rope towage, as suggested for Smith’s Shoals, on tbeCam- 
berlaud River, for the more expensive system of locks and dams. 

The estimates already submitted of the cost of improving the Coosa 
River are as follows: 


From Greensport to Selma, Rome and Dalton Railroad Bridge. $470,663 

From Great Wills Creek to Rome, Ga. 81,679 

Total... 552,347 


Major McFarland states that the cost of the improvement from Great 
Wills Creek to Rome will probably-amount to $180,000. 

This is for a depth at low-water of 4 feet. For a depth of 3 feet at the same stage 
the cost would he not more than half this amount. 

(See Report of Chief of Engineers, 1875, p. 662.) 

This work is, I believe, iu the collection-district of Mobile. The revenue collected 
at the nearest port of entry is unknown to me. 

Money statement. 


Amount appropriated by act approved August 14, 1876. $30,000 6*) 

July 1, 1877, amount expended during fiscal year. $239 41 

July 1, lf?77, outstanding liabilities. 227 71 

- 467 12 


July 1, 1877, amount available. 29,532 $ 


Amount (estimated) required for completion of existing project. 522,347 

Amount that cau be profitably expeuded iu fiscal year ouding June 30,1879. 100,00Q OJ 


R 5 . 

IMPROVEMENT OF HIAWASSEE RIVER. 


An appropriation of $L0,000 (act of August 14,1876) was made availa¬ 
ble for the improvement of this river on the 1st of May, 1877, ami 
steps were immediately taken for the organization of working parties, 
and the preparation of boats, tools, &e., for carrying on the w#rk by 
hired labor, it being of such a nature that it could uot be specified with 
sufficient accuracy to secure the Government interests iu a contract. 

Assistant Engineer John S. Crary was placed in immediate charge 
of the work, aud made a careful examination of the river from Beutoa 
Landing to the Tennessee. 

The obstructions known as Matthews’ Shoals and Magil’s Island 
Shoals were selected as the first to be improved, and work was imme- 
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diately commenced on them, and was making good progress at the end 
of the fiscal year. 

At Matthews’s Shoals a quarry lias been stripped of 20 J cubic yards of 
earth, and 400 cubic yards of rock were quarried. 

At Magil’s Island Shoals 140 cubic yards of earth were stripped from 
a quarry, and 200 cubic yards of rock quarried. Work in the channel 
will be commenced as soon as the water gets a little lower, and work at 
Blackbird Shoals will be started early in July. 

A question which is likely to arise as soon as this work is a little 
further advanced is, whether the Bist Tennessee Railroad Company 
shall be compelled to put a draw in their bridge across this stream at 
Charleston f This bridge is only 36 feet above low-water, and scarcely 
anything above extreme high-water, so that at low-water the ordinary 
class of boats upon the Tennessee and its tributaries can only get under 
the bridge by taking down their chimneys and pilot houses, while at 
high-water they are unable to pass at all. Should Congress decide to 
compel the company to put in a draw, [suppose it will require a special 
enactment to that effect, either making an appropriation for the purpose, 
or requiring the company to build it at their own expense. On the 
other hand, should it be decided not to require a draw, the difficulty 
will have to be obviated by taking advantage of the low-water season, 
and building suitable boats for the purpose, or adaptiug to it some of 
the smaller ones now in use, by lowering their pilot houses and hinging 
their chimneys, as is now done on the Ohio aud other western rivers. 

In the absence of any authority in the premises, I have not mentioned 
the subject to the railroad company, but in view of the heavy traffic 
over this bridge, as compared with that on the river, and of the fact 
that their bridge has been built and used for many years without pro¬ 
test, they would be decidedly opposed to putting in a draw. 

The original estimate for improving the Hiawassee from Savannah Ford 


to the Tennessee River is.. $20,000 00 

Amount appropriated^ act of 1870. 10,000 00 


10,000 00 

In the report of the examination of the Hiawassee (Report of Chief 
of Engineers, 1875, p. 80J) it is stated that the examination included a 
part of the Ocoee, viz, “from Savannah Ford to its junction with the 
Hiawassee,” which is in error, siuce Savannah Ford and all the obstruc¬ 
tions mentioned in the report are on the Hiawassee itself. 

The advantages to commerce to be derived from the improvement of 
the Hiawassee are set forth in the report just referred to, and I am at 
present unable to make any material addition to those stated therein ; 
bat as the amount required to complete the work is comparatively 
small, I think no further arguments will be needed to secure the neces¬ 
sary appropriation. 

Money statement . 


Amount appropriated by act approved August 14, 1376.$10,000 00 

July 1, 1877, amount expended during fiscal year.$281 20 

July 1, 1877, outstanding liabilities.. ... 703 20 

- 984 40 


July 1, 1377, amount available. 9,015 60 


Amount (estimated) required for completion of existing project. 10,000 00 


Amount that can be profitably expended in fiscal year euding Juue 30, ld?9. 10,000 0 0 
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R 6. 

IMPROVEMENT OF OCMULGEE RIVER, GEORGIA. 

Tbe river and harbor act of 187G appropriated $15,000 for the inf 
provement of the Ocraulgee liiver, in the State of Georgia, aud on the 
31st of May, 1877, 1 was notified by the Chief of Engineers that the 
amount had been made available, and that a- project was required for 
its expenditure. 

Haviug been informed that the railroad bridge at Hawkinsville had 
effectually barred all navigation above that point, I so reported to the 
Chief of Engineers, who directed work to be commenced between Haw¬ 
kinsville and the junction of the Ocmulgee with the Oconee. 

Steps were then taken to organize the necessary working-parties for 
beginning active operations. The work was placed in immediate charge 
of Assistant Engineer B. W. Frobel, who was, at the close of the fiscal 
year, engaged in making an examination of the river, and procuringthe 
necessary boats and other tools aud supplies for a vigorous prosecution 
of the work. 

It is hoped that the amount of the appropriation will be more than 
is required for the river below Hawkinsville, and if so, authority will be 
asked to contiuue the improvement above Hawkinsville toward Macon. 

This work was so recently placed in my charge, that I have been 
nnable to collect any reliable statistics as to the probable benefits to be 
derived from this improvement; but should it be decided at any time 
to connect the Ocmulgee with the Tennessee by canal, there can be no 
doubt that the work now being done will be fully utilized. 

This work is in the collection-district of Bruuswick, Ga., tbe nearest port of entry 
being Brunswick, Ga. 1 have not ascertained the amount of revenae collected there. 
The nearest permanent structures belonging to the United States are probably tbe 
beacons ou Wolf Island, near Darien, Ga. 

The original estimate of the cost of the work of improving the Oc¬ 
mulgee River, providing a channel 80 feet wide and4 feet deep, as given 
by Mr. B. W. Frobel, (Report of Chief of Engineers, 1875, Part II, p. 
671.) was as follows: 


From Macon to Hawkinsville. $42,911® 

From Hawkinsville to tbe mouth of tbe Oconee. 8,216 ® 


51,127 ® 

To which was added 10 per cent, for contingencies. 5,113 ® 


56,240® 

Maj. W. McFarland states that the cost of the same improvement (page 
670, same report) “will be not less than double that given in the esci- 


mate.” 

Money statement . 

Amount appropriated by act approved August 14,1876.. $15,000 00 

July 1, 1877, amount expended during fiscal year... 46 61 

July 1, 1877, amount available. 14,95333 

Amount (estimated) required for completion of existing project. 41,240 00 

Amount that cau be profitably expended iu fiscal year ending June 30,1879. 41,240® 
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R 7 . 

IMPROVEMENT OF OOSTENAULA AND COOS AW ATTEE RIVERS. 

No work was done on either of these rivers, the available funds having 
been nearly exhausted in 1876, since which time no appropriation has 
been made. 

A small balance ($22.06) of the old appropriation has been expended 
for the care and preservation of boats aud other property belonging to 
the work. The estimates made for the improvement of these rivers are— 


For the Ooe ten aula River. $12,000 00 

For the Coosa watte© River. 10,208 50 

28,208 50 

There have been appropriated— 

For the Oosteuaula River, act of 1874... $10,000 00 

For the Oosteuaula and Coosawattee Rivers, a.t of 1875. . 5,000 00 


15,000 00 

The whole of this amount has been expended. 

Money statement. 


July 1, 1876, amount available. $22 06 

July 1, 1877, amount expended during fiscal year. 22 06 

Amount (estimated) required for completion of existiug project. 13,208 50 


Amount that can be profitably expended in fiscal year ending June 30, 18/9. 13,208 50 


R 8. 


IMPROVEMENT OF ETOWAH RIVER, GEORGIA. 


An appropriation of $10,000 for the improvement of the Etowah 
River, act of August 14, 1876, was made available for that work on the 
29th of May, 1877, and I was directed by the Chief of Engineers to pre¬ 
pare a project for the prosecution of the work under that appropriation. 

As the improvement of this stream is an exceedingly difficult job, 
owing to the great number and frequency of shoals and rapids, the 
estimated cost of improving the first 50 miles above Rome being 
$274,718, it was found difficult to devise a plau for the economical ex¬ 
penditure of so small a sum as that appropriated. This will be evident 
from the fact that the only plans for improvement as yet proposed con¬ 
sist iu a series of locks and dams, some ten in number, or a canal along¬ 
side the river. (See report of Chief of Engineers, 1872, pages 535-548.) 
The amouut of the appropriation would not be sufficient to warrant the 
beginning of a single lock, either by contract or by hired labor, since 
most if not the whole of the amount would necessarily be absorbed in 
preparatory expenses for beginning the work. 

In order to ascertain definitely whether any, and if so what, work 
cpuld be advantageously commenced at the present time, Lieut. William 
Xi. Marshall, Corps of Engineers, was directed to make a re examina¬ 
tion of the river from Cartersville to Rome, Ga. This examination 
was not completed during the fiscal year, and it was not, therefore^ 
possible to complete the project in time to appear in this report. The 
resalt of the examination, as since developed, has, however, confirmed 
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the views already expressed as to the necessity for having iuoramoney 
before the heavy work is begun, and it is respectfully recoin mended that 
'Congress be asked to make appropriations accordingly. 

In the mean time an instrumental survey of the river could be made 
with a view to locating the necessary locks and dams, and for procuring 
the necessary data for ascertaining and specifying the work required. 
This has not yet been done, and w ill be necessary whether the work is 
•carried on by contract or hired labor. 

The report of Lieuteuant Marshall on his examination of tbe Etowah, 
although not completed within the fiscal year, is hereto appended. No 
estimate of the total cost of improving the Etow ah River can be sub¬ 
mitted with this report, as the project for its improvement is as yet in¬ 
complete. Only one appropriation has been made for this work, viz,by 
act of 187G, $10,000. 

No expenditures were made during the fiscal year. 

Money statement 


Amount appropriated by act approved August 14, 1876.$10,000 00 

July 1, 137 7, aiuoiiut available. 10,000 00 


RKPOirr OF LIEUTENANT W. L. MARSHALL, COUPS OF ENGINEERS. 

Rome, Ga., July 15* 1877. 

Sir: In accordance with your letter, dated June 30, 1877, directing an examination 
of the Etowah River, with a view of ascertaining whether any local advantage wonld 
accrue from the expenditure, at any points along that stream, of the $10,000 appro¬ 
priated for it l»y Cougress in 1876, I have conversed with people liviug on its banks; 
with the Hon. W. II. Fehon, M. C., of Cartersville, Ga., who takes great interest in the 
improvement of this river, and have also made au examination iu person of the river 
between Cartersville and Rome, and have the honor to report: 

First. That there is no local interest which can he benefited by local improvements 

Second. That there is no demaud whatever for navigation from one point to another 
along the course of the stream itself, and, as far as I can discover, no demand for the 
improvement of the Etowah, except a contingent one, t. e., in case the ohstractions to 
the navigation of the Coosa below Greensport, Ala., are removed, so as to open the 
great coal fields of Alabama to commerce. The mineral and manufacturing interests 
of the comities of North Georgia bordering the Etowah demaud an interest in the ben¬ 
efits of cheap coal. The opening of the Etowah will then he felt as a necessity. The 
region about Cartersville and the Upper Etowah is very rich in iron, manganese, barytes, 
and other minerals. There are mauy furnaces, for the most part out of blast on ac¬ 
count of hi«;h-priced fuel, aud the entire region suffers from the high rates of trans¬ 
portation charged by the railroads for that commodity. 

Third. My examination of the Etowah convinces me that it is impracticable to im¬ 
prove the navigation of that stream without the application of locks aud dams. The 
fall of the river between Owl Creek and Rome, as given by Mr. R. C. McCalla, who 
examined it iu 1872, exceeds 5 feet per mile on an average, which fall is not nniformlj 
distributed, hut mostly occurs at the reefs and shoals, which are very frequent in some 
parts of the river, and at others comparatively few. 

At tbe following points the fall equals or exceeds 7 feet per mile: 

1. Near Douthard’s Ferry, 4 miles below the Western aud Atlautic Railroad bridge it 
Cartersville. 

2. One-half mile below Tumlin’s Ferry, or about 15 miles below the Railroad bridg® 
near Cartersville, is a shoal one-fourth mile long, over wliieh there is a fall of2| feet, 
nr 11 feet per mile. 

3. At Harden’s Ferry, 21 miles below Cartersville, is a succession of rock-reefs, ex- 
tending for one-fifth of a mile, over which is a fall of 2| feet, or 12$ feet per mile- 
River 650 feet wide; 8 inches water on reefs. 

4. Three hundred yards below this shoal is another rapid fall of 6} feet in two-fifths 
of a mile, or 16.2 feet per mile. The river is obstructed with very large bowlders: is 
wide, with high hanks. 

5. Eighteen miles above Rome is a shoal where the fall is nearly 4 feet in one-foartb 
of a mile, or 16 feet per mile. 
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6. Fifteen miles above Rome, one-half mile long, over which there is a fall of 6 feet 
in one-half mile ; river with high banks. This shoal is near Duncan Murchison’s. 

7. Eleven miles above Rome is a shoal of 2 feet fall in 1,200 feet. 

8. Seven miles above Rome is a shoal over which is a fall of 3£ feet in one-half 
mile; banks of river high. 

9. Within 5 miles of Rome is a stretch of rapid shoal water with several rock-reefs 
and gravel-bars, which cau be improved to advantage only by a lock and dain. 

At all of the above points locks and dams will be required, including the two mill- 
dams at Cartereville. 

There will be required 11 locks and dams between Rome and Cartersville, 41 miles 
distant. 


In addition to the above are many reefs, fish-traps, and gravel-bare; upon which I 
rarely found as much as 1 foot of water. The river is now about its usual low-water 
st^ge. 

In this connection I respectfully refer to the report of Mr. J. C. Long, assistant en¬ 
gineer, in the Annual Report of the Chief of Engineers for 1872. From his report I 
should judge that the river was considerably higher when he made his examiuatiou 
than when I came down it, since at most of the reefs, even where he reports from 18 
inches to 2 feet of water, I was compelled to get out and lift the small bAteau in which 
I traveled, over the rooks and shoals, for want of sufficient water to float it. 

Mr. Long estimates for a channel 80 feet wide, with 3 feet navigation at low- 
water, but I cannot believe that it is practicable to secure this depth and width of 
channel at low-water by other means than locks and dams, for the reason that the 
stream averages only 250 feet in width, and the depth of water on the shoals at low- 
water rarely exceeds 1 foot, at many of them, where the fall is considerable, it is 
much less. If, then, a channel 80 feet wide and 3 feet deep is excavated through the 
reefs, the discharge of the river will not be sufficient at low-water to fill the channel 
where the fall is considerable and the current rapid. The lowering of the upper pools 
thereby caused will also considerably increase the amount of excavation. lu other 
respects I agree with Mr. Long’s reports and estimates. 

The navigation of the Coosa at low-water is 2 feet. At fourtoen places between 
Rome and Gadsden at extreme low-water there is 2 feet or low-water on the shoals, 
and the present work on that stream is directed to securing 2£ feet navigation at this 
stage. 

On the Oostenaula the navigation is 2 feet at low-water, aud the boat running upon 
it is 20 feet beam and 120 feet long. If similar navigation is secured upon the Etowah, 
a channel 40 feet wide and 2 feet deep will be sufficient at dead low-water, and there is 
water sufficient for securing such navigation. 

If it is judged advisable to expend the amount of the present appropriation upon 
the Etowah, I would then respectfully suggest that, 'awaiting further appropriations 
from Congress for the locks and dams, the work begin at Rome and be directed to 
secure 2 feet navigation at low-water, with channel 40 feet wide over the lower ob¬ 
structions only, and that for the information of Congress Mr. Long be requested to re- ' 
vise his estimates to agree with this modified plan. 


The banks of the Etowah are high throughout, and it may be easily slack-watered, 
at an expense not exceeding $10,000 per mile, if* advantage is takeu of all stretches of 
navigable water. 

Very respectfully, 

W. L. Marshall, 


Capt. W. R. King, 


First Lieutenant of Engineers, 


Corps of Engineers , U* S. J. 
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ANNUAL REPORT OP MAJOR G. WEITZEL, CORPS OP ENGI¬ 
NEERS, FOR THE FISCAL YEAR ENDING JUNE 30, 1877. 

United States Engineer Office, 

Detroit , Mich ., July 13, 1877. 

General : I have the honor to transmit herewith my aunual reports 
relating to the works of river and harbor improvements under my 
charge for the fiscal year ending June 30, 1877. 

I am, general, veiy respectfully, your obedient servant, 

G. Weitzrl, 

Major of Engineers . 

Brig. Gen. A. A. Humphreys, 

Chief of Engineers , U. 8. A . 


, Si. 

IMPROVEMENT OF THE FALLS OF THE OHIO RIVER. 


The history and condition of this work during the last fiscal year is 
fully given in the following report of Capt. A. Mackenzie, Corps of 
Engineers: 

United States Engineer Office, 

Louisville , Ky ., June 30, 1877. 

Sir : I have the honor to submit the following report of operations on the improve¬ 
ment of the Falls of the Ohio and enlargement of the Louisville and Portland Canal, 
for the fiscal year ending June 30, 1877. 

The work projected at the beginning of the year was as follows: To complete the 
rock-excavation at the head of the canal; to complete the cross-dam at the head of 
the falls, leaving an opening of 600 feet on the Indiana side, and making a new open¬ 
ing of 400 feet at the head of the middle channel; to close 400 feet or the Indiana 
opening and the entire middle opening with movable dams, thus leaving openings in 
the dam of 1,000 feet during high water, and closing these openings to 200 feet during 
low water; to place a movable dam at the head of the canal, to assist in flushing out 
the river-deposit; to build, new guard-gates for the new locks, and for the head of the 
canal; to raise the masonry around the gate-recesses of the middle gates of the new 
locks, thus allowing the canal to be used with a higher stage of water; to improve 
the Indiana channel on the falls by removing the worst obstructions. 

Of this work, the building of a movable dam at the head of the canal has, upon fur¬ 
ther investigation, been judged to be unnecessary, and the construction of new guard- 
gates has been carried on as ordinary repairs of Louisville and Portland Canal. 

The removal of rock at the head of the canal, and the building of the dam at the 
head of the falls, are works which can only be carried on economically during low 
stages of the river. For the rock-excavation, the gauge-readiog at the head of the 
canal should not be greater than 4 feet, and a reading of 3 feet, or less, is still more 
preferable. Since November, 1875, there have been but 10 days when the gauge-read¬ 
ing was less than 4 feet, and the lowest reading during this time was 3.7 feet. 

None of the work has therefore been attempted. It could have been done at a great 
cost, but the immediate completion of the work is not so imperative as to justify au 
increase over estimates based on low water. 
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During tbe past year the engineer-property pertaining to this work, such as steam- 
pumps, drills, timber, tools, &c., has beeu carefully stored at the locks, and signal- 
lights have been kept up on the coffer dam at the head of tbe canal. 

• All the work so far done on the improvement is in good condition, excepting the 
dam at the head of Sand Island ; bat the condition of this dam is, at present, of but 
little importance, as the river-channel between the island and the Indiana shore is 
pretty well filled np, and daring low water the entire river is thrown south of the 
island. The head of the island is well protected by riprap, but its south side contin¬ 
ues to wash during low water. 

The earthen banks of the canal remain in very good condition, and the Bermuda 
grass, which it was supposed had been killed by cold, now shows some signs of life. 
The Osage-orange hedge, planted last year, will in a few years replace tin wooden 
fence which now protects the banks. 

A low stage of water is predicted for the fall months, and, if this prediction comes 
true, work on the dam at the head of the falls, and the rock-excavaiionat the head of 
the canal, will be pushed forward rapidly. 

Very respectfully, your obedieut servant, 

A. Mackenzie, 
Captain of Engineer*. 

Maj. G. Weitzel, 

Corpt of Engineers, U. S. A . 


The estimates for the work which still remains to be done on this im¬ 
provement, according to the project, were based upon a stage of water 
as low as that in which the portion so far completed has been done. 
The river did liot get to this stage during the last year for a sufficient 
length of time to warrant a beginning, and, as it is not of such imper¬ 
ative necessity as to warraut extravagant expenditure, none was at¬ 
tempted. • » 

It there comes a low-water stage during the approaching fall, the 
operations will consist of completing the rock-excavation inside of the 
apron-dam at the head of the canal, and removing a few of the most 
dangerous spots iu the Indiaua Chute to facilitate the navigation of the 
falls by that channel. The masonry around the gate-recesses of the 
middle gates of the new locks will be raised so that the canal can be 
used with a higher stage of water. This is of considerable practical 
importance, as with the present walls and gates there comes a period 
when the canal cannot be used, and the difference of level between the 
upper and lower pools is still a little too great to permit the falls to be 
ascended by ordinary craft. 

The completion of the cross-dam at the head of the falls will be sus¬ 
pended for the present. We are engaged in studying the detailsof a plan 
for freeing the work as much as possible in periods of coal rushes, by pro¬ 
viding a chute down the falls for them. This will answer the purpose 
much better than an additional enlargement of the canal, and will cost 
much less, and it will prevent accumulation of coal-boats in the canal 
and the consequent delays to passenger-steamers. 

The proposed improvement will necessitate some slight changes in 
the cross-dam, and heuce the construction of the latter will be tempo¬ 
rarily suspended. 

It has been ascertained by practical experience that a movable dam 
at the head of the canal will not be of as much service in clearing it of 
mud deposits by the facility vbich it would give to flushing as to war¬ 
rant the expense. Since the two dredges, the mnd-scows, and tbe tow¬ 
boat have been all placed iu first class condition we have had no diffi¬ 
culty ip keeping the canal and locks well cleaned out. 

It is not necessary now to keep the Sand Island dam in repair, and 
no more mouey will be expended upon it. . 

The reason why this work has cost more than the original estimate 
was given by me in my annual report for the fiscal year eudiug Jane 
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30, 1874. The excess in cost is entirely due to the manner in which the 
appropriations were made. If these bad been made as I recommended, 
I am certain that I could have built the work in three good seasons, 
and at a cost less than my estimate. 

The original estimate for this work, as stated in my annual report 
lor the fiscal year euding June 3(\ 1870, was $1,243,500. There has 
been allotted and appropriated for it as follows: 


1868, allotted. $85,000 

1859. allotted. . 178, ‘200 

1870, appropriated. 450,000 

1871, appropriated. 250,000 

1872, appropriated.... .. 300,000 

1873, appropriated. 100,000 

1875, appropriated. 100,000 


Total. 1,463,200 


Of this amount $1,380,549.32 has been expended. 

No additional appropriation is required for the uext fiscal year. 

The work is located in the third collection-district of Kentucky. The nearest pork 
of eutry is Lonisville, Ky. The aiuouut of revenue collected at this port during the 
fiscal year was $60,571.25. 

The commerce and navigation of the Mississippi River anil all its 
branches will be benefited by the completion of this work. 

Money statement . 


Jnly 1,1876, amount available. $89,749 30 

July 1, 1877, amount expended during fiscal year. 7,098 62 

July 1, 1877, amount available... 82,650 68 


S 2. 


SUPERINTENDENCE, MANAGEMENT, AND REPAIR OF THE LOUISVILLE 

AND PORTLAND CANAL. 


On the 31st of last December I made my third special report on this 
work in order to enable the Secretary of War to comply with the pro¬ 
visions of section 3 of the act of Congress, approved May 11, 1874, en¬ 
titled : 


An act providing for the payment of the bonds of the Lonisville and Portland Caual 
Company. 

In addition this is the third anunal report on this subject. Of neces¬ 
sity there has been a great deal of repetition. 

The annexed annual report of Capt. A. Mackenzie, Corps of Bngi* 
neers, gives the history and condition of the work during the last ^ear. 

We have continued the superintendence and management of the canal 
according to the same system which has heretofore been pursued. We 
are continuing the repairs necessary for pla'ciug the work iu good con¬ 
dition with as much rapidity as the funds on hands will permit. 

But a very important subject which has been referred to iu all my re¬ 
ports has not received that attention from Congress which its impor¬ 
tance demands. I refer to the adoption of a system of rules and regu¬ 
lations for the government of the canal and those using it. (See foot 
of page 7 65, Report of the Chief of Engineers tor 1876, Part 1.) The 
power to enact such rules should be granted by law to the Secretary of 
War. My assistants ou the canal are absolutely powerless to control, 
matters when there is a rush of business, as always comes with a coal- 
boat rise. 
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REPORT OF THE CHIEF OF ENGINEERS 


As Congress has not acted in this matter, I directed Captain Mac¬ 
kenzie to bring the matter to me officially in the shape of a letter. 

Accordingly he addressed a communication to me, of which the fol¬ 
lowing is a copy: 

Office Louisville and Portland Canal,* 
Louisville, Ky. y March 9,1877. 

Sir : I would respectfully ask to be iuformed whether, under existing laws, the 
superintendent of the Louisville and Portland Canal has authority to regulate the 
movement of boats in the canal, and prevent unnecessary delays ? It has been assumed 
in all yearly reports, and in my letter of March 9, 1B76, that until some legislation 
was bad, the superintendent had no means of enforcing his orders. All steamuoatmen 
seem to consider it the duty of the superintendent to provide against tlieir delays 
from any cause whatsoever. I have always held that when they were detaiued in the 
canal by the carelessness or willfulness of others, they should seek redress in the 
courts. There must be laws especially directed to preventing the obstrnctiou of navi- 
gable channels, and the question is whether those injured by the delay or the canal 
management should prosecute the offender. The superintendent of the canal is most 
certainly willing to take action and responsibility in the matter if he is justified by 
law in so doing. The only reference to the snbject that I can find is in section 10 of 
the original charter granted to the canal company by the legislature of Kentucky in 
1825. This section states 44 that if any person or persons shall willfully and knowingly 
■do any act or thing whatever, whereby the said navigation or any lock, gate, dam, en¬ 
gine, machine, or other thing thereto belonging, shall be injured, or damaged,or m- 
jteded, or shall commit any willfol trespass, or take, or carry away, or conceal, any 
material, instrument, tool, or other thing belonging to or used iu or about the said 
works, or shall open, or cause the locks to be opened, or attempt to do so, or to passor 
repass without the knowledge of the agent or mauager to said canal, he, she, or they so 
offending shall forfeit and pay to the said canal company, their tenant or agent, three 
times the amouut of the cost or damage sustained by means of or through such will¬ 
ful acts, together with costs of suit, to be recovered before any court of competent 
Jurisdiction, and in case of clandestinely taking and carrying away, be liable to a prose- 
oution for theft, as in other cases.” 

This section was evidently intended to cover the canal company against any losasns- 
tained by them, either in form of property or damages for delays. I do not see that 
the superintendent can, ou the strength of this section, take any action further than 
to instruct those in charge of boats how and when to move, leaving it for those who 
sustain any loss by a refusal to obey the orders, to obtain their redress in a court of 
justice. 

I have always given this advice, and have promised to give assistance and furnish 
such evidence of the delay as might, bo within the knowledge of the canal management. 

I would respectfully ask for a definite decision in this matter, which will either give 
the superintendent of the canal authority to enforce his orders, or relieve him from the 
blame and censure of parties interested in the navigation of the canal. 

I iucloso a note received this morning from the captain of one of the Henderson 
packets, showing an example of the delays referred to. This same boat, the Whale, 
caused much trouble last night, delaying several boats. Last month the Robt.Mitchell, 
drawing much more water than was shown by the gauges, came into the canal, got 
aground and blocked up the canal for 48 hours, delaying several steamboats. These 
are but a few examples of rnauy similar delays, willful as far as the offending boats are 
•concerned, but unavoidable as far as the management of the canal is concerned. 

Very respectfully, your obedient servant, 


Maj. G. Weitzkl, 

Corps of Engineers. 


A. Mackenzie, 
Captain of Engineer** 


I forwarded this letter with an indorsement, of which the following is 
a copy: 

United States Engineer Office, 

Detroit , Mich., March 15, 1877. 

Respectfully forwarded. This comranuication explains itself. I respectfully request 
a decision on the question presented by Captain Mackenzie. In every one of my 
reports I have asked that a system of rules and regulations for the government of 
those using the canal be enacted into law, but so far no action has been taken by 
Congress. The delays referred to by Captain Mackeuzie are liable to bring the canal 
management into serious discredit. 

G. Writzel, 
Major of Engineer*' 
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To this I have not yet received a reply. 

I have had charge of the canal since it was turned over to me by the 
former management on June 11, 1874. The following table gives, in a 
condensed form, the financial statement for this period: 



Receipts. 

Expenses— 

For man¬ 
agement. 

For repairs. 

Total. 

During JnDA, 1874____ 

13,744 85 
54,814 n 
78,102 64 
82,953 90 

$2,490 78 
43,195 66 
44,373 56 
46,323 58 


$3,490 78 
45,887 15 
59,266 48 
66,138 47 

Baring fiscal year ending Jane 30,1875. 

Daring fiscal year ending Jnne 30, 1876. 

Daring fiscal year ending June 30,1877. 

Total. 

$2,691 49 
14,892 93 
19,814 89 

218,615 50 

136,383 58 

37,399 30 

173,782 88 



Excess of receipts over expenses, $44,833.62. 


Now these permanent improvements and repairs, which have cost 
only $37,399.30, were estimated to cost at least $54,035. They were 
made with such economy, because the work was done immediately under 
the eye of my assistants by days* labor, and the machinery and work¬ 
shops of the canal were employed, as well as the mechanics and laborers 
engaged in the management when they were not busy at their legitimate 
duties. 

The $16,635.70 which was saved by this method should, therefore, be 
credited to the canal management. 

It will cost about $6,000 more to make the improvements, for which I 
have no authority. I propose to ask for authority, then, to repair the 
old locks, converting the three chambers into two, so that they will have 
the capacity to pass nearly all the vessels that now use the canal. Then 
I will ask for authority to give the lift-gates and miter-walls of the new 
locks a complete overhauling and improvement, so that much of the 
labor and time now consumed iu operating these locks may be perma¬ 
nently saved. After this is done I propose to ask for authority to erect 
the requisite number of plaiu cottages near the locks for the accommo¬ 
dation of the employes, so that they can be called out rapidly at night, 
when needed. And then I will ask for authority to gradually enlarge 
the existing dry-dock, so that it will accommodate the vessels that nse 
the new locks. At present it has ouly the dimensions requisite for dock¬ 
ing the vessels that could use the old locks. 

When this work is doue everything will be in splendid working con¬ 
dition, and then it will be safe still further to reduce the rates of toll, 
which are now only about one-tenth of those which were charged by the 
former management. 

It will be seeu from my various reports that the business of the canal 
is steadily on the increase, and if this increase continues there will be a 
jnst demand iu a short time for further accommodations. I have sug¬ 
gested a method for meeting this want, in my report on the improve¬ 
ment of the Falls of the Ohio River, which will undoubtedly be printed 
with this. 

Captain Mackenzie, and the employes under him, have continued to 
administer the affairs of this work with the same economy, fidelity, and 
industry which have characterized the management since the Covern- 
meut took charge of it. 

Annexed hereto is the financial statement for the fiscal year ending 
June 30, 1877: 

39 E 
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BEPORT OF THE CHIEF OF ENGINEERS. 


Financial statement far fiscal year ending June 30,1877. 
Deposits. Expenditures. 



Cssh oh hand June 30,1877, $44,832.69. 


REPORT OP CAPTAIN A MACKENZIE, CORPS OF ENGINEERS. 

Louisville, Ky., June 30,1877. 


Sir : I have the honor to submit the following report upon the superintendence 
management, and repair of the Louisville and Portland Canal for the fiscal year end¬ 
ing Jnpe 30, 1877. 

The canal has now been nnder the management of the United States for three yean, 
bnt it has only been eighteen months since the surplus of receipts over ordinary ex¬ 
penses justified commencing repairs and improvements. Sinoe the beginning of the 
year 1876 snch work has been carried on, gradually placing the caual and its acces¬ 
sories in perfect working order. 

The following is a summary of the work accomplished during the past year: 

The repairs of the tow-boat have been completed, and.a large fire and wrecking pun} 
has been added to the boat’s outfit. 

A new hnll and a new boiler have been bnilt for dredge No. 2, its engine has been 
thoroughly repaired, and machinery for raising spuds by steam has been put in. 

Dump-scow No. 4 has been rebuilt. 

The shops have beeu extended, and the following additional maohiues have been set 
np : one dimension-planer, one boring-machine, one circular saw, and one grindstone. 
The work done in these shops during the year has caused a saving of $1,841.70, while 
the total cost of machinery has been but $1,737.20. 

A set of new guard-gates, each leaf of which is 47' 8" by 46' 11" and weighs Gtytow, 
has been built and put in at the head of the new locks, and a set of new gates for the 
head of canal is now almost completed. 

The building of these gates at the locks, under the direction of the superintendent 
of the canal, has resulted in having the work admirably done and in saving msnr 
thousands of dollars. The high guard-gates have cost $6,227.59, and the set for the 
head of the canal will have cost when completed about $4,000. The original estimate 
for this work, based upon the cost of the lift-gates, which were built by oontract, was 
$24,000. 

New winding-machinery has been provided for the middle gates of the new loefci 
and inch chrome-steel chains have been substituted for the iron chains formerly used. 
It is expected that this new machinery will greatly facilitate the moving of the gales, 
and its strength is so great that the annoyauoe of breakages will be done away with. 
The new machinery will be applied to all the gates, and when the work is completed, 
it will cause a yearly saving in operation expenses of about $2,400. The friction-droas 
at the bottom of the well-holes have been set up anew and greatly strengthened. 

The bridge crossing the canal at Eighteenth street has been thoroughly repaired; s 
new floor has been laid, and the turning-machinery has been improved and strength¬ 
ened. 


Fourteen lamps, furnished by the Light-House Department, have been set up on the 
lock-walls. The gates and look-chambers can now be made almost as light by night 
as by day. 

A foundation for the superintendent’s office has been completed and work on tbe 
building has been commenced. 

A second fire-cistern is being built, and hand fire-pumps have been connected with 
he cistern built lost year. 
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The slopes id the vicinity of the looks have been partially graded and sodded, and 
the slopes along the canal-banks have been repaired. 

The toll-collector’s house and the workshops have been painted. 

In addition to the work above enumerated, numerous and constant repairs have 
been made on boats, gates, machinery, &c. 

The dredges have removed during the year 95,282 cubic yards of sediment. In Oc¬ 
tober one dredge, notwithstanding numerous delays caused by passing boats, removed 
8,322 cubic yards in 26 working days. The tow-boat, while moving dump-scows, has 
run 2,220 miles. 

Three thousand four hundred and thirty-nine boats, with a total nndertonnage of 




ages by day and 704 lockages by night. The gates have been opened and closed 9,618 
tunes, and the lock-hands, in turning the capstans, have each traveled about 2,197 
miles. 

During the past year the looks have been closed 30 days by ice and 29 days by high- 
water. 

Though the deposits of sediment have been very heavy at times, the dredges have 
succeeded in removing it as fast as the water fell, and there have been no delays from 
this cause. The flood of January left a deposit of 10 feet in the lower-lock chamber, 
and a deposit of 4 inches on top of the upper gates, over which the water stood but 9 
days. 

The business of the Louisville and Portland Canal is constantly increasing, and it is 
evident that before many years the present locks will not accommodate all the com¬ 
merce of the river. Even now, when tows of coal are passing down or fleets of empty 
barges are passing up, delays are unavoidable, and these delays will, 1 am confident, 
become more serious each year. 

To provide for this increased commerce, as well as afford an opportunity for occasion¬ 
ally closing and repairing one set of locks without interfering with navigation, a second 
set should be built. But this building, or at least the completing of a new set of locks, 
for which money must be appropriated, important as it may be, is a work of the future, 
and it would be well if some temporary provision conld be made for providing means 
of passing boats when a necessity for dosing the new locks may arise. 1 aiu of the 
opinion that the old locks can be made to furnish this relief by converting the three 
locks into two, each 50 feet wide and about 300 feet long. Wfth such arrangement all 
boats running during low-water could be accommodated, and the new locks could be 
closed for several months during the year without interfering with continuous naviga¬ 
tion. If this work is only intended as a temporary expedient, to last, say, 5 or 6 years, 
the expense will not be to great, but that it may be paid from tolls collected. 

I append tables giving the detailed receipts and disbursements during the past year. 
Notwithstanding the large amounts expended for repairs and improvements, the re¬ 
ceipts have exceeded expenses $16,871.74. 

In conclusion, I would respectfully renew the recommendation made in my report of 
January 1, which I would ask to be considered as a part of this report. 

I am, very respectfully, your obedient servant, 

A. Mackenzie, 
Captain of Engineers, 

Maj. G. Wkitzbl, 

Corps of Engineer's, 

Detailed statement of boats passed through the Louisville and Portland Canal for the fiscal 

year ending June 30, 1877. 
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Statement of receipts of Louisville and Portland Canal for the fiscal year ending June 38, 

1877. 


No. 

Designation. 

Now 

of tons. 

795 

Steamboats........ 

305,995.8 

46,304 

144,973 

304,467 

48,194 

995 

Tow-boats..i. 

588 

1,406 

189 

Model barges. 

Square barges_ 

Square barges ....... 

104 

Small boats. 




Receipts from tolls. 

Reoeipts from dry-dock. 

Receipts from towing. 

Receipts from rents. 

Reoeipts from dredging. 

Total reoeipts for fiscal year ending Jane 30,1877. 


Priooper 

ton. 

Asmnt 

ooUectri. 

|0 10 

$30,399 SB 

10 

4,00 40 

10 

14,497 31 

08 

29,157 X 

05 

2,409 70 

*5 00 i 

1 MN 


10,114 84 
275 » 


lit 91 
380 75 

a» 


82,95615 


each. 

Detailed statement of expenditures of the Louisville and Portland Canal for the fiscal yrr 

ending June 30, 1877. 



Lockage department. 

Dredge department. 



« 

& 

Labor. 

Purchases and 
repairs. 

Total. 

Labor. 

•o 

3 

II 

a 

o< 

Total. 

Improvement 

3 

0 

*• 

8 

«e 

C 

1876. 

July. 

$3,195 00 

$131 85 

$2,326 25 

$040 00 

$179 00 

$1,119 00 

$3,535 09 

$6,9*a 

August. 

3,145 00 

159 86 

3,304 86 

940 00 

419 10 

1.358 10 

3,634 35 

7,28131 

September. 

3,309 66 

189 75 

3,399 41 

943 75 

313 39 

1,957 04 


tins 

October. 

3,305 00 

124 17 

2,389 17 

970 66 

343 73 

l, 313 39 

826 96 

4,40 51 

November. 

8,205 00 

139 19 

3.334 19 

951 37 

346 89 

1,198 19 

5L 174 45 

8,706 8 

December. 

3,205 00 

140 69 

3,345 69 

940 00 

169 10 

1,100 10 

1,679 09 

5,133* 

1877. 









Jan nary. 

3,330 00 

83 49 

3,413 49 

905 00 

74 18 

979 18 

394 03 

3^ 785 79 

February . 

3,44(1 67 

363 60 

2,710 37 

1,044 56 

328 75 

1,373 31 

177 96 

4.26154 

March. 

3,380 00 

645 78 

3,025 78 

915 00 

366 91 

1,381 91 

719 36 

5,«7« 

April. 

2,358 50 

1,573 78 

3,931 38 

938 50 

■■ rivi 

1,169 19 

878 91 

5,r*Jt 

May. . . 

3,418 33 

191 63 

3,609 96 

915 00 

396 98 

1,911 98 

963 87 

4,8MB 

June. 

3.434 33 

863 80 

3,387 13 

927 33 

260 15 

1,187 48 

1,011 89 

s,5«a 

Total. 

27,533 49 

4,493 99 

38,016 48 


3,830 63 

14,551 80 

19,510 03 

66,1*47 


REPORT OF DECEMBER 30, 1876. 


United States Engineer Office, 

Louisville , Ky., December 30,1876. 

General : In accordance with your instructions, and to enable the 
honorable Secretary of War to comply with the provisions of section 3 
of the act of Congress approved May 11, 1874, entitled u An act pro¬ 
viding for the payment of the bonds of the Louisville and Portland Canal 
Company , 1n 1 have the honor to snbmit the following report on the su¬ 
perintendence, management, and repair of the Louisville and Portland 
Canal for the calendar year ending December 31,1876: 

My assistant in immediate charge of the work, Capt A. Mackenzie, 
Corps of Engineers, has again submitted a complete and full report to 
me. By my special directions, detailed statistics bearing on all the 
practical points which will be of iuterest to the profession were c*re- 
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fully gathered, ami are submitted in the five tables which are annexed 
to Captaiu Mackenzie’s report. The latter is annexed hereto, and forms 
a part of this. It will be seen from it that the past year has been more 
favorable for navigation than the previous year, and there has been a 
corresponding gain in the earnings of the canal. The receipts during 
this period have been $80,766.28; the expenditures, $69,476.21. The 
surplus on December 31,1875, was $15,665.53. The surplus on Decem¬ 
ber 31, 1876, was $26,955.60. This surplus was gained in spite of the 
following work, which was doue during the year: 


On© tow-boat completely repaired. 

Two dredges completely rebnilt. 

Three dninp-scows rebuilt and enlarged. 

A machine-shop built. 

Eighteenth-street swing-bridge over the canal completely repaired. 

A telegraph-line from head of canal to locks, 2 miles long, constructed. 

A fire-cistern, with a capacity of 500 barrels, was built. 

An osage-orange hedge was planted along the canal, from the new locks to the rail¬ 
road-bridge, near the head of the canal. 

The grounds around the dry-dock were graded, and permanent ways were laid. 

A new foundation for the lock-engine was built. 


In doing all of this work, we have pursued tb&policy which we mapped 
out in the beginning. This was to carry on the repairs in the order of 
their necessity, and as soon as a proper amount of receipts in excess of 
expenditures had accrued. This was the ouly policy we could pursue in 
the absence of the loan or appropriation of $50,000, which 1 recom¬ 
mended to be made by Congress in all of my previous reports. In con¬ 
sequence of the good stage of navigation of the river during the past 
. two years and the careful and economical management on the part of my 
assistants, we have succeeded much better than we anticipated. I am 
not disposed in this report to renew my recommendation for the above 
loan or appropriation, but at the same time I cannot make any change 
in my recommendations previously made for the rates of tolls, &c. 

So many things remain still to be done, as Captain Mackenzie’s report 
shows in detail, that it would be extremely hazardous to reduce the pres¬ 
ent rate of toll. For the reasons also fully given in Captain Mackenzie’s 
report, I recommend that we may, in the contingencies enumerated by 
him, hire our dredges and steam-pump on the tow-boat Walker Morris. 

To recapitulate, I respectfully recommend the following rates of toll, 
&c., for the calendar year eudiug December 31,1877, as being reasonable 
and fair, viz: 

On steamboats and model barges, 10 cents per ton under tonnage. 

Oo square barges, flats, and coal-boats, 8 cents per ton measured capacity. 

On steamboats under 50 tons, and flats under 63 tons, $5 per lockage. 

On square barges and coal-boats, which have passed through the caual loaded and 
returning empty, 5 cents per ton measured capacity. 

On rafts of logs, &c., measurement and rates same as for flats. 

On boats belonging to the United States, no toll. 

For the use of dry-dock, $20 for the first day, and $10 additional for each succeeding 
day. 

For towing, the ordinary rates of harbor-boats. 

For the use of dredges, $30 for twelve hours’ use each. 

For the U6e of the steam-pump on the tow-boat Walker Morris, $2.50 per hoar. 


I have received authority to construct two new sets of gates, and they 
have been begun, and will be completed as rapidly as possible. 

Since the dredges have been rebuilt, the experience seems to show that 
it* will not be necessary to employ auxiliary means for clearing out the 
sediment deposited in the canal by flushing it by means of a movable 
dam at its head, and 1 do not.intend now to build it unless further ex¬ 
perience would plainly show it to be of benefit corresponding to its cost. 
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REPORT OP THE CHIEF OF ENGINEERS 


I beg leave again to call attention to the great importance of enact¬ 
ing into a law “ The rales and regulations for the government of the 
Loni8ville and Portland Canal and those using it,” which were submit¬ 
ted by Captain Mackenzie, and are given in my report dated January 1, 
1876, (Ex. Doc. No. 67, H. R., 44th Congress, 1st session.) 

In conclusion, I think it only an act of justice to replace on record 
that the management of this work has been conducted iu the most sat¬ 
isfactory aud economical manner by Captain Mackenzie aud those on 
duty with him. 

Annexed hereto is the financial statement for the calendar year end¬ 
ing December 31, 1876. 

I am, general, very respectfully, your obedient servant, 

G. Weitzbl, 
Major of Engineer *. 

Brig. Geo. A. A. Humphreys, 

Chief of Engineers U. 8. A. 

Financial statement for calendar year ending December 31,1876. 


Deposits. 


Expenditures. 


Months. 


1876. 

January . 

February. 

March. 

April. 

May. 

June. 

July. 

August. 

September. 

October. 

November. 

December. 


Amount. 

Mouths. 

♦ 9,953 47 
1,302 51 
7,654 09 
9,630 93 
15,305 01 
8,948 54 
6,465 08 
5,967 33 
5,037 40 
6,797 89 
8 , 030 01 

4,144 10 

1876 . 

February. 

April. 


Juno... 

July. 

Adipifit....... 

September............................ 

Qp.tnhnr___......... 

VnvnmhKr___....___ 

DeftAmbAr___........ 


80,766 38 


Amoral 


$3, SIS 

435II 
7,7043 
9,00 94 
3,387 51 
AKIM 
e,t*s 

3, MBS 

4, »« 
10,434® 


9, 


Cash on hand December 31,1876, $36,955.60. 


REPORT OF CAPTAIN A. MACKENZIE, CORPS OP ENGINEKR8. 

Louisville, Ky., Deoember 31, 1876. 

Sir : In accordance with yonr instructions, I have the honor to submit the followise 
report upon the superintendence, management, and repairs of the Louisville and Port¬ 
land Canal for calendar year ending December 31, 1876 : 

present condition of the canal. 

The canal and the new locks are in good condition, with the exception of the goad* 
gates. New gates are now being built. 

The old locks are very much dilapidated, requiring new lift-gates and new mitor- 
Sills. Some necessary repairs on the lower miter-sill have been authorised, but bigb 
water has prevented any work on it daring the past year. The guard-gates of 
locks must be rebuilt very soon. 

The dry-dock is in good condition, bat is not very serviceable on aceountof itsww 
size and low gates. 

The canal buildings and shops are in good Condition; but the latter, being all« 
wood, can only be considered as temporary structures. 

The tow-boat, dredges, and all accessories of the dredging department, have beea 
thoroughly repaired, and are now in perfect order. 
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WORK ACCOMPLISHED DURING THE YEAR. 


Drtdging department .—When the United States took charge of the canal in Jane, 1874 
the boats, dredges, &o., were in a very poor condition, and though the necessity of 
thoroughly repairing this apparatus was then recognised, it was not until the clo^e of 
the year 1875 that the excess of the receipts over oniinary expenses justified any large 
expenditure. 

A new hall for the tow-boat, built by James Howard & Co., at Jeffersonville, Ind., 
was launched February 19; but high water and heavy deposits of sediment kept the 
dredges and old steamboat at work nntil Jane 3, when the old boat was dismantled, 
and the machinery, after thorough repairing, was transferred to the new hull. All re, 
pairs were comleted and the new boat commenced work July 14. The boat is now in-, 
perfect order, and. is provided with a powerful force-pump, which can be nsed for 
wrecking purposes or as a fire-exticgnisher. 

On the 4th of June, dredge No. 1 was taken into the dry-dock, thoroughly repaired 
and machinery added for raising the spnds by steam-power. This dredge was again 
set to werk August 4. 

The repairs of dredge No. 2, which were commenced September 29 and completed 
this month, have consisted iu building a new hull, a new boiler, and putting iu spud- 
hoisting machinery. 

Daring the year, three dump-scows have been enlarged and thoroughly repaired. 
They now hold 38 cubic yards each, and, though much larger, are much easier man¬ 
aged than the old scows. 

Except!Dg'the building of the hull of the tow-boat, the boiler, and the 8Dud-hoisting 
machinery of the dredges, all the above repairs have been made at the locks by our 
own mechanics, assisted by the lock-hands and hired labor, and under the immediate 
supervision of the superintendent of the canal. 

Machine-shop .—The constant repairs required on the boats, gates, bridges, &c., sug¬ 
gested last year the importance of establishing a shop of onr own, where the work 
could be done promptly and cheaply. During the past year, a building has been 
erected, and the following machines have been put in operation: Two circular saws, 
one screw and bolt cutter, one drill-press, one grindstone, and one 50 feet dimension- 
planer. All these machines are run by a small engine, formerly used at the old locks, 
and nearly all the labor of setting np machinery has been done by the canal mechan¬ 
ics, assisted by the lock-bands. The bolt-machine has cut the nuts and bolts for the 
dredges, dump-scows, aud gates; and, while it costs but $248.20, it has, np to the pres¬ 
ent time, effected a saving of $254.55. 

The saws and planer have prepared all the timber used in rebuilding the dredges 
and scows, and have now commenced work on the timber for the new gates. The 
estimated cost of labor already saved by these machines is $439.25; and it will be bat 
a short time before they will, like the bolt-cutter, have saved a sufficient amount to 
cover their origiual cost. 

Eighteenth-street bridge .—During the latter part of this year, an old contract was 
found among the records of the city council requiring the caual company to keep the 
road-bridge crossing the canal at Eighteenth street in repair. In accordance with thiB 
agreement, the bridge has been thoroughly repaired. 

Miscellaneous work .—A telegraph-line connecting a small office at the head of the 
canal with the locks has been put in operation. 

A fire-cistern, holding 500 barrels, has been built near the shops, and a city fire-alarm 
box has been placed at the locks. 

An osage-orange hedge has been planted the entire length of the canal. It will, in a 
few years, replace the wooden fence which now protects the slopes. 

The ground in the vicinity of the dry-dock has been graded, and permanent ways 
put np for building, repairing, and launching boats and gates. 

Maps and titles of the canal property have been obtained, but the contemplated sur¬ 
vey has not yet been made on account of high-water. 

A foundation has been built and preparations made for raising the small engine at 
tbe new locks above the reaoh of ordinary floods. 

The mechanics have been employed on tbe extensive repairs of boats, dredges, and 
scows, and, in addition, have made all ordinary repairs of gates, bridges, machinery, &c. 

The principal work doue by the lock-hands is showu in the annexed table, which 
gives number of boats passed through the locks. When not working at the gates, the 
employes have assisted the mechanics, graded the grounds, planted the hedge, put np 
telegraph, &o. 

The tow-boat, when not employed with the dredges, has furnished a sistance to boats 
and tows. 

Office-work .—The office*work has been preparing regular reports of operations and 
receipts from toll*, ooiupiling statistical infitrinatimi, making plans and specifications 
for lAiats, dredges, shops, mafliiuery, &c., and collecting tolls. Attention has been 
given to plans for permanently improving tbe canal and reducing expenses. The col- 
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lection of river and caual water has been continned through the year, the amounts of 
sediment have been determined, and analyses of the water have toen made. One 
pound of water was taken from the river daily daring a low stage, from September? 
to November 8, 1875. The 62 pounds yielded bnt 65 grains of sediment, while 62 
ponuds taken in a similar manner from January 10 to March 13, dnring high-water, 
yielded 493 grains. Three hnndred and seventy-two ponuds, taken one pound daily, 
from July 7, 1875, to July 17, 1876, yielded 2,352 grains of sediment. These specimens 
were all taken just below the surface of the river, in a strong current. From Janu¬ 
ary 1 to April 1,1876, specimens of river water were taken from the surface, at mid¬ 
depth, and from the bottom. The average yield of sediment to one pound of water 
was as follows: at surface, 8.82 grains; at mid-depth, 10.43 grains; and at bottom, 
11.67 grains. 

Numerons analyses of the canal water show that, while the matter thrown into the 
canal by the city sewers has no injurious effect on the walls or the gates, it does affect 
the boilers of the steamboats and the dredges. When using the canal water, the large 
amount of lime and soda washed in from the paper-mills coats the boilers rapidly,ami 
cleaning ont is necessary every two or three weeks, while, when using river water, 
cleaning ont once a month is sufficient. The large amount of organic matter washed 
into the canal from the sewers undoubtedly affects the health of the lock-hands, and 
is partially the cause of the malarial diseases which are prevalent among them. One 
thousand grammes of water taken from the canal twelve hours after a heavy rain 
yielded 0.345 gramme of organic matter. 

NUMBER OP EMPLOYES AND COST OP LABOR. 


The force employed in the management of the canal at the beginning of the year 
was as follows: One superintendent, one assistant superintendent, one toll-colleetor 
and clerk, two lock-masters, four mechanics, one captain and pilot, one foreman, thiw 
engineers, and forty-one laborers, watchman, firemen, &c. The regular pay-roll then 
amounted to $3,330 per month, bnt daring the year it has, by the discharge of three 
men, been reduced to $3,105 per month. The number of employes is now as low as it 
can be made until machinery replaces man-power in $he lock-gates.' Daring the year 
extra labor at the looks has ooit $229.85, and the night-work of the dredge-force ha* 
cost $265.42. 

RATES OP TOLL, ETC. 


No change has been made in the rates of toll since they were fixed by the Secretary 
of War, January 25, 1875. A recommendation made last year to reduce the rate oo 
empty barges ou return-trips was not acted on. This reduction wonld have decreased 
the receipts $5,078.88 during the past year, 

Considering the increase in the river commerce, the present rate of toll, iDeluding 
the recommended reduction, will, 1 think, be amply sufficient for paying all expenses 
of management and repair, and, in addition, will permit the necessary permanent im¬ 
provements to be gradually made. If all parts of the canal were in perfect condition, 
a reduction in the rate of toll could now be made; bat it is hoped, by the accumulation 
of a surplus and by the jndicions expenditnre of a portion of the income for radical 
improvements, to greatly rednee the operating expenses, and tbns permit in the future 
a much greater redaction than coaid now be made. 

Many companies and private individuals are of the opinion that there should besome 
redaction made in their favor on account of their extensive use of the canal; tor in¬ 
stance, the Henderson Packet Company, when the falls are not navigable, have t*« 
boats through daily, and have paid as tolls daring the past year $10,483.10. It b» 
also been suggested that a reduction should be made on barges of certain eizes, asu 
inducement to owners to build boats which, when combined, wonld exactly fill the 
lock-chambers. While these suggestions are worthy of consideration, I should has¬ 
tate to recommend any change in the present system of tolls; it is simple and eirc> 
rise to no questions of judgment or disagreements between parties using tbecaDoland 
those managing it. 

RECEIPTS AND DISBURSEMENTS. 

During the year 1876 the river has been at a most favorable stage for navigation, 
and our own records, as well as the report of the Cincinnati Chamber of Commerce, 
show that the river commerce has been constantly increasing. A portion of this in¬ 
crease is undoubtedly due to the enlargement of the canal and the reduction of tells- 

Daring the yeAr there have been bnt 4 days when there was lees than 4 feet in the 
canal, and only 35 days when the gauges showed more than 11.5 feet. 

The receipts for the year have amoauted to $80,762.27, being $10,586.66 in excess of 
the receipts of 1875. 

The expenses of tlie past year have been $69,476.21. Of thiB amount, $25,410.52 was 
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expended for permanent, improvements, leaving, as the cost of superintendence, man¬ 
agement, and repairs, $44,065.69. Notwithstanding the extensive expenditures for 
permanent improvements, the receipts have exceeded the disbursements $11,286.06. 

All the snrplus receipts conld have been expended during the year had work already 
authorized been biuried ; bnt as the work is, to a great extent, done by oar regularly- 
employed mechanics and laborers, it was more economical to do it slowly, and not in¬ 
crease the labor-account by the employment of a large number of men. 

As in previous years, a large proportion of the receipts have been from iron-ore, coal, 
and salt. Boats so loaded have contributed the following amounts: 


684 boats, carrying about 9,743,000 bushels coal. $16,600 68 

136 boats, carrying about 246,900 barrels salt. 2,572 86 

284 boats, carrying about 85,108 tons iron-ore. 16,691 71 

Emptj boats returning. 13,543 68 


Total. 39,408 93 

A few companies and individuals have contributed largely. The following figures, 
though uot absolutely correct, are a close approximation : 

Henderson Packet Company. $10,483 10 

W. H. Brown. 8,595 06 

Kanawha Salt Company. 6,165 69 

John A. Wood. 4,276 20 

8. Horner & Co. 2,260 94 


Total. 31,780 99 


WORK PROJKCTED FOR NEXT YEAR. 

Experience is constantly developing new work, and it is impossible to make certain 
predictions at the beginning of the year; but it is probable that, if money and time 
are available, the following work will be attempted during the coming year: 


Superinten lence, management, and repairs... $45,000 00 

Night-work and extra labor.♦.... 600 00 

Total. 45,600 00 


Two sets of lift-gates for old locks_ 

One set guard-gates for old locks. 

Office for superintendent. 

Additional cisteros and fire-apparatus 
Surveying land and making corners.. 

Repairing miter-sills of old lock. 

Coal-elevator. 

Lathe aud additional machinery.. 

Cottages for lock-hands. 

New guard-gates at new locks ? 
New guard-gates at hexd of canal ) **' 
New masts for suspending gates. 


$6,000 

00 

6,000 

00 

1,000 

00 

1,000 

00 

1,000 

00 

6U0 

00 

2,000 

00 

1.000 

00 

6,000 

00 

22,601 

17 


WORK FOR THE FUTURE. 


The old locks should be rebuilt, converting the three chambers into two, and the 
bridge crossing these locks should be moved. It is a inestiou for consideration whether, 
when the old locks are repaired, they should uot be made wider; with their present 
width they would accommodate but a small portion of the boats on the Ohio and Mis¬ 
sissippi Rivers. 

The dry-docks should be enlarged and the gates should be made higher. 

More spsicious basins should be provided at the head and at the foot of the locks. 

The wall on the north side of the canal should be rebuilt. 

The coping of the side-walls and the miter-sills of the new locks should be replaced 
by harder stone. The banks iu the vicinity of the new locks should be graded and 
protected. 

The present wooden shops should be replaced by more permanent structures. 

In five or six years it is probable the lift-gates of the new locks will commence to 
decay and require renewing. 

If the river commerce continues to increase, the capacity of the canal will have to 
be increased, or frequent delays will be unavoidable. 

Steam or water power must be applied to the gates, and some means must be de¬ 
vised for facilitating their movement. 

The time required for filling and emptying the lock-chambers must, if possible, be 
red need. 
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Of all this work the last two items are in my opinion the most important at present, 
as they would greatly reduce the cost of management and time of lockage. 

The reduced expenses and increased surplus would pay for most of the necessary work 
as rapidly as it may be required, though of course this surplus can never be expected 
to pay for rebuilding and enlarging the old locks and dry-dock. 

The present system of suspending the gates of this canal has proved defective. The 
masts, which are of wood, are decaying, and the suspension-rods are too light. The 
rollers do not work well, and it is almost impossible to keep the track clear for them. 
I believe it would be an improvement to abandon the rollers and pat in iron masts 
with snspending-rods of a sufficient size to bear the weight of the gates. I also believe 
it would facilitate the movement of the gates to sink the floor of the lock-chamber just 
above the gates, and thus drop the sedimeut out of the way. 1 believe it also practica¬ 
ble to place additional wickets iu a wall below the gates and thus greatly redace 
the time of filling and emptying chambers. The repairs of the miter-sills of the new 
locks, which must be done in a few years, would afford au opportunity for also doing 
this work. 

There are many methods of applying power to the gates, bat to select the ones most 
simple and effective requires time and study. Using water under heavy pressure for 
transmitting power from some central point to the gate, presents, as a method, many 
advantages and but few defects. This method would be economical, requiring but few 
to manage it, and the machinery would all be very simple and not liable to get oat 
of order. 

The present method of removing sediment from the canal by dredging is, in my 
opinion, the only practicable one, and past experience has showu that, even with the 
poor and imperfect machinery, deposits coaid be removed very rapidly, in fact, almost 
as rapidly as navigation demauded; and with the new boats, &c., it does not seem 
probable that any serious delay can occnr. 

Sluicing ont the sediment has been frequently referred to, hot I do not believe it 
would be of much service as an anxiliary to the dredges. The sediment is principally 
deposited daring high water, at a time when no current would be admissible, and the 
dredges will generally have removed a great part of this sediment by the time a fell m 
the river would permit slnicing ont. 1 Tie deposit in the locks is the most troublesome 
and most extensive ; it is washed in from below by an eddy. Sluicing ont the caoai 
would, I think, assist bat little in removing this deposit. 

TABLES ANNEXED TO REPORT. 


In table No. 1 the nnmber of lockages by day includes all from 7 a. m. to 6 p. m.; and 
the nnmber by night includes all from 6 p. m. to 7 a. m. Under the head of “ Greatest 
nnmber of lockages in one day,” a consideration of the time occupied and tonnage will 
give the best idea of the capacity of the canal. This tonnage is proportionally greatest 
during coal-runs, as in March, April, and May, and the time o«i upied includes not only 
the time required for removing gates and filling chambers, but tbe long time required 
for removing boats. 

Tbe expenditures given in table No. 3 are divided into “Superintendence, manage¬ 
ment, and repairs,” and “ Permanent work.” Tbe first embraces the operating ex¬ 
penses of the canal, and will be incurred yearly; the secoud embraces such expenses 
as are permanent in their nature. 

Tbe expenses of passing boats and dredging, &c. t are comparatively uniform, aad 
tbe cost of work is regulated by the number of boats passed and amonut of sediment 
removed. 

Tbe cost of dredging is low, considering the imperfect condition of dredges, dfco. 
during a portion of tbe year, the many delays and interruptions, and the distance fife* 
material dredged has to be moved. 

Table No. 5 gives comparative statistics for the years 1874,1875, and 1876; 1874 only 
includes the time from June 11, when tbe Government took charge, to the end of fee 
caleudar year. It will be seen that a gradual reduction has been made in the expenses 
of operating the canal, tbe cost of this work for the year 1876 beiug $2,519.68 less than 
for the year 1875. 

CONCLUSIONS AND RECOMMENDATIONS. 


The past year has been very favorable, both as regards the condition of tbe river, 
the receipts from tolls, and tbe work accomplished, aud tbe indications of a oootinned 
increase in the river commerce insnre the maintenance, if not the radical Improvement 
of the canal. Tbe canal and appurtenances are now in a much better condition (has 
ever before. The dredging apparatus is iu perfect order, and the machine-shops o&r 
ready means for repairs, &c. 

I would respectfully recommend that the present system of snperintendance and 
management be continued; that for the year 1877 the rates of tolls and charges beat 
follows: 
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TOLLS. i 

On steamboats and model barge9,10 cents per ton under tonnage. 

On sqnare barges, flats, coal-boats, &e., 8 cents per ton measured capacity. 
Steamboats under 50 tons and flats under 63 tons, $5. 

Square barges and coal-boats which have passed through the canal, returning empty, 
5 cents per ton measured capacity. 

On rafts of logs, &c., measurement and rates the same as for flats. 

Boats belonging to the United States, free. 


CHARGES. 


For use of dry-dock, one day, $20; each additional day, $10. 

For towing, ordinaiw rates of harbor-boats. 

For use of dredges, $30 per day for each dredge. 

For nse of steam-pump on tow-boat, $2.50 per hour. Authority has already been 
granted for towing under certain restrictions. 

Heretofore the condition of the dredges has made it necessary to keep them at work 
all the time in the canal, but I hope in future that deposits can be more rapidly re¬ 
moved. If snch is the case, there will be times when the dredges will be idle, and as 
there are no others at Louisville, they might then do private work. • 

If throngh unavoidable accident or throujgh any fault of the canal management a 
boat should sink in the canal, it would certainly be the duty of our tow-boat to render 
assistance free of charge; but if an accident should be caused by evident carelessness, 
boats responsible should be made to pay for assistance. 

I would respectfully renew the recommendation and suggestions contained in my 
report for 1875, namely: 

That the question of jurisdiction at the head of the canal be determined. 

That the surveyors of customs be requested to furnish the collector of tolls with thp 
measurement of vessels liable to pass through the Louisville and Portland Canal. * 

That some action be taken upon the repain of the old looks and dry-docks. 

Thpt action be taken upon the foies and regulations for the government of the canal 
and those using it, suggested in reports of 1874 and 1875. 

I would in addition recommend the buiding of a coal-elevator with a capacity of 
1,000 tons, an office for the superintendent or the canal, and a few small oottages for 
the accommodation of the lock-hands. I would suggest the preparation and printing 
of a descriptive report of the canal, with such plates as may be required for an under¬ 
standing of its various parts. During the past two years many visitors, especially for¬ 
eign engineers, have called upon us, and the need of such a report and description has 
been felt. 

In conclusion, I would state that during the year the superintendent and his assist¬ 
ants have performed their duties in a most faithful and efficient manner. 

I am, very respectfully, your obedient servant, 

A. Mackenzie, 
Captain of Engineers, 

Maj. G. Weitzel, 

Corps of Engineers , 17. 8. A . 
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Table No. 2. —Statement of receipts of Louisville and Portland Canal for year ending De¬ 
cember 31, 1876. 


Number. 


Designation. 


Number of tons Price per 
under tonnage. ton. 


Amount of toils 
collected. 


834....* 

367. 

571. 

1474. 

138. 


Steamboats... 

Tow-boats_ 

Model barges. 
Square barges 
Small boats ... 


295,307 
45,583 
141,8584 
386,7434 


|0 10 
10 
10 
06 

|5each ... 


Total receipts from tolls. 

Total receipts from dry-dock_ 

Total receipts from towage. 

Total reoeipto from rents. 

Total reocipts for year 1876 


139,530 70 
4,558 30 
14,185 85 
30,939 46 
640 00 


79,854 31 
220 96 
275 00 
4i2 00 


80,762 27 


Balance on band Janaary 1,1876. $15,669 54 

Beoelved daring year 1876 . 80,762 27 

Total... 96,431 81 

Expended daring year 1876 . 69,476 21 

Balance on hand January 1,1877 . 26,955 60 


Table No. 3. —Statement of expenses of superintendence , management and repair of the 
Louisville and Portland Canal , and accessories, for the year ending December 31, 1876. 


Superintendence, management, and repair. 


Month. 

Lockage department. 

Dredging department. 

1 

*0 

3 

if 

r 

• 

'§) 

3 

£ 

a 

| 

i 

1 

•5 

"o 

H 

i 

»0 

9 

if 

1 

1 

H 

January... 
February.. 

March. 

April. 

May. 

Jane. 

July. 

August.... 
September. 

October_ 

November. 
December.. 

Total.... 

$2,404 37 
2,356 33 
2,370 00 
2,344 00 
2,333 50 
2,195 00 
2,195 00 
2,145 00 
2,209 66 
2,205 00 
2,205 00 
2,205 00 

$502 95 
58 99 
136 55 
23 60 
37 51 
117 92 
98 90 
147 44 
173 09 
105 97 
96 45 
80 00 

$7 84 

14 83 

1 50 

8 16 

7 68 

12 42 
16 66 
18 20 

17 34 

18 49 

$*0 50 
24 00 

24 00 

14 98 

32 35 

15 40 
42 20 

$2,935 66 
2,441 32 
2,521 38 

2.393 10 

2.394 15 
2,320 60 
2,326 25 
2,304 86 
2,399 41 
2,329 17 
2,334 19 
2,345 69 

$1,087 16 
1,020 00 
1,087 14 
1,028 00 
1,082 00 
1,035 34 
940 00 
940 00 
943 75 
970 66 
951 37 
940 00 

$296 25 
214 05 
50 74 
465 43 
205 33 
99 65 
179 00 
412 10 
313 29 
342 73 
246 82 
169 10 

$1,383 41 
1,234 05 
1,137 88 
1,493 43 
1,287 33 
1,134 99 
1,119 00 
1,352 10 
1,257 04 
1,313 39 
1,198 19 
1,109 10 

27,169 86 

1, 579 37 

123 12 

173 43 

29,045 78 

12,025 42 | 2,994 49 

15,019 91 


Digitized by ^ooQle 






































€22 


REPORT OF THE CHIEF OF ENGINEERS. 


Tabus No. 3 .—Statement of expenete qf tuptrin ten deuce, «J-c. —Continued. 
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Table No. 5. —Comparative statement of receipts, boats passed, work done, and tvpenses, Louisville and Portland Canal, fo year ending December 31, 1876. 
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APPENDIX T. 


ANNUAL REPORT OF MAJOR WM. E. MERRILL, CORPS OF EN- 
GINEERS, FOR THE FISCAL YEAR ENDING JUNE 30, 1877. 

United States Engineer Office, 

Cincinnati Ohio , July 18, 1877. 

General : I have the honor to transmit herewith annual reports on 
the works under my charge for the fiscal year ending June 30, 1877. 
Very respectfully, your obedient servant, 

Wm. E. Merrill, 

Major of Engineers. 

Brig. Gen. A. A. Humphreys, 

Chief of Engineers U. 8. A. 


T i. 

IMPROVEMENT OF THE OHIO RIVER. 

The only works of construction carried on during the fiscal year just 
ended have been the repair of the old dike at the Trap, A few miles be¬ 
low Pittsburgh, and the extension of the dike just above Evansville, Ind. 
Work has also been done in removing the Jackson Rock in the Grand 
Chain, some 20 miles above Cairo. The snag-boat E. A. Woodruff 
worked continuously daring the low-water season, as did also the Gov¬ 
ernment dredges Ohio and Oswego. 

DIKE AT THE TRAP, 12 MILES BELOW PITTSBURGH. 

This dike was first built in 1838-’39, and was repaired in 1844, and 
again in 1867. Owing to the fact that there is a heavy current across 
this dike at certain stages of the river, and that these stages often occur 
at times when the river is full of ice, it has thus far proved impossible 
under the old method of construction, by loose riprap, to prevent the ice 
from cutting down the top of the dike, and thus leaving it too low to do 
its proper work in maintaining the channel. I therefore determined that 
in repairing this dike, I would place a heavy wall of timber on the chan¬ 
nel side, and would also raise the dike by crib-work, building it up in 
accordance with the usual method followed in constructing cribs for 
lake harbors. 

The last appropriation for the Ohio did not become available until 
September 15,1876, a date too late to admit of making formal contracts 
for work to be done before cold weather. On this account, and for the 
additional reason that I believed better and more satisfactory work could 
be done by hired labor, I recommended the latter method of working, 
which was approved by the Chief of Engineers. 

40 E 
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Mr. J. V. Hoag, jr., was put in charge of repairing the dike at the 
Trap and directed to build it up even with the 6-foot stage in the river, 
this being the height desired by the coal interests. Work was begun 
on the 19th of October and closed on the 21st of November, cold weather 
rendering it impracticable to work later. During this limited time, 985 
linear feet of dike was built up to a level with the stage of 6£ feet in the 
river, the bead of the dike gradually rising 2 or 3 feet higher. Of this 
length of dike, 735 feet was smooth crib-work of sawed lumber, against 
which boats could “flank” without injury. The new work was tempo¬ 
rarily terminated by extending the lower courses of the crib-work 72 feet 
farther, and ballasting them heavily with stone. The filling of the dike 
was blast furnace slag mixed with riprap*stone. The total amount of 
material used was 95,812 feet (board-measure) of lumber, 1876 cubic 
yards of slag, 385 cubic yards of stone, and 13,580 pounds of bolts and 
spikes. An additional length of 2,000 feet will probably be built up 
during the present summer. 

EVANSVILLE DIKE, 783 MILES BELOW PITTSBURGH. 

This work, which had been under construction for several years, un¬ 
der contract with James S. Routh, (C. B. Bateman, of Evansville, being 
the resident engineer,) was finally completed on the 16th of December. 
The total length of the dike is 2,000 feet, and its width 50 feet, except 
for a distance of 200 feet at the lower end, where it is but 40 feet wide. 
During the fiscal year the dike has been extended 500 feet, and the pan 
previously built has been thoroughly repaired. The following is an ex 
tract from Mr. Bateman's final report on the work: 

The whole work is substantial, and fully achieves the object for which it was con¬ 
structed. Steamboats now all take the channel across the bar, aud with the scour it- 
ticipated this winter the channel will be fully established for all time. 

Souudings were taken on Wednesday last, (December 13,) with the river at 5.?5fert 
per gauge, and at 100 feet from shore no less than feet was fonnd, and within 5W 
feet of the w ater-works bnilding there was 8 feet large. Sonndings along the lower 
side of the dike on the same day showed that a considerable amount of sconr wasgouir 
on along the first 1,000 feet of its length, hut before that can do any harm the chinte! 
across the bar will be rendered so permanent and deep that the dike will have done its 
perfect work. 

The total material expended on this dike from its commencement is 
931 piles, 22,837 cords of brush, and 16,788 cubic yards of riprap stone. 
Of this, 23G piles, 7,920 cords of brash, and 7,743 cubic yards of stone 
were used durng the past fiscal year. 


JACKSON ROCK, 945 MILES BELOW PITTSBURGH. 


This rock was a prominent and well-known knob of the famou 3 fow 
mile reach of rocky ledges and knobs known as the Grand Chain, some 
20 miles above Cairo. In extreme low water this is the most dangerous 
section of the Ohio River. It was probably mnch worse in former times 
than at present, as a large number of rocks were removed in 1829 ami 
1830 by a party working under Capt. Henry M. Shreve, at that time 
superintendent of Government work on western rivers. Unfortunately 
there is no record on file showing the condition of the chain before Cap- 
taiu Shreve began work, nor the state in which it was left by him.^ 
Careful surveys of the Grand Chain were made in 1872 and 1S74 by 
my principal civil assistant, Mr.William Weston. 

From these surveys, and from information given by pilots, I concluded 
to attempt the removal of the Jackson Rock, and such other of the rocks 
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in the chain as could be operated on daring low water. The greatest 
obstacle to work in this locality is the uncertainty as to when to expect 
low water. It often happens that the season passes by without the 
water once reaching % sufficiently low stage foj successful work. 

With the approval of the Chief of Engineers, I hired one of the wreck¬ 
ing boats belonging to the Underwriters’ Wrecking Company of Cincin¬ 
nati, together with her crew and outfit. Putting the boat in charge of 
Mr. Weston I ordered it to the Grand Chain, with instructions to begin 
work on the Jackson Rock. The following is Mr. Weston’s report of 
work at the chain: 

The work of removing Jackson Rock was carried on by the wrecking-boat Charley 
Hill, between November 8 and December 8. Fiffcy-fonr cubic yards of rock were re¬ 
moved from the ledge, of which Jackson Rock was the highest part. The solid rock, 
which was formerly bare at dead low water, is now 3 feet under water at the same 
stage.* Along the north or Illinois side of the rock there yet remains a ridge, or reef 
of gravel, sand, apd spalls, a part of which is only 2 feet below low water, or 1 foot 
higher than the solid rock. This ridge originally contained many rock-lumps, or “ nig¬ 
ger-heads.” All of these were broken up and removed, and we continued to explode 
torpedoes on the gravel as long as any stone large enough to injure a boat could bo 
found in the sides of the hole formed by the explosion. In this way the reef was 
pretty effectually loosened up to the depth of 3 feet or more below low water, but we 
had no means of removing it altogether. In place of solid rock, the Jackson Rock is 
now a gravel-reef, or lump, with 2 feet more water on it than there was originally on 
the rock. This is equivalent to 2 feet at the lowest water, assuming that the top of 
the original rock was at the level of the low-water line. An old coal-boat wreck lies 
partly on the Illinois side of this gravel-ridge, and some loose plank of this wreck, 
which swing with the current, are a few inches higher than the reef. These, and a 
sand-bar that has formed below, are the highest points left, and they may make a 
break, or roll at low stages of water. 

After repeated examinations of the river-bed, Mr. Quigley, the diver, reported that 
it was everywhere soft and smooth, and that there was nothing left that would injure 
a boat, if one should strike it. 1 hardly think that the current will remove any of the 
gravel. The depth of w T ater on it was just about the same as reported in the lower 
river at the shoalest places when we were at work there. Should this depth prove in¬ 
sufficient, the reef must be dredged or scraped away before any more rock can be taken 
out. Search was made by the diver for a rock reported to be about 30 feet south of 
the Jackson Rock, and down stream from it, but nothing of the kind was found. The 
river-bottom was all soft sand for 80 feet, or as far as our lines would reach in this di¬ 
rection. 

Soundings made in the place from which a coal-boat wreck had lately been removed 
by the snag-boat E. A. Woodruff showed no rocks or obstructions of any kind. 

As there was no break or sign of rocks in the vicinity of Jackson Rock the wreck¬ 
ing-boat was taken up to Arkansas Rock. We had got nearly into position for work 
at this point on December 10, when the ice commenced running, and we were obliged 
to go to the bank. The ice continued to form, and on the 17th had become so heavy 
that I saw no immediate prospect of resuming the work to advantage, and so quit 
w ithout doiug any work at Arkansas Rock, or even having a chance to make an exam¬ 
ination of it. 

OPERATIONS OF SNAG-BOAT E. A. WOODRUFF. 


In my last annual report I stated that the Woodruff began her sea¬ 
son’s work on the'8th of June, and I reported the results of that work 
up to June 30, the end of the fiscal year. 

This year the snag-boat began work on the 5th of June, and is at work 
at the present writing. A report for the fiscal year would, therefore, 
embrace all of the work done during 1876, (except three weeks in June,) 
together with that accomplished in June, 1877. It is thought that such 
a report, containing fragments of two seasons’ operations, would be less 
satisfactory than a report for one calendar year. I will, therefore, fol¬ 
low the plan adopted in preparing the tabulated statements of the work 
of the dredges, given in my annual reports for the last two years, and 
confine myself to the operations of the snag-boats for the year 1876. 

The season’s work began June 8,1876, and ended November 30,1876, 
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at which date the boat went out of commission in the harbor at the 
mouth of the Tennessee, that point having been selected for winter 
quarters as being the safest from dauger from ice or from fire. During 
the season she worked oyer the river as follows : 

1. Cincinnati to Wheeling, (coaid not get higher on accoant of low water.) 

2. Wheeling to Cairo, 

3. Cairo to Parkeraburg, (coaid not get higher on account of low water.) 

4. Parkersburg toLawrencebnrg,(turned back on acconntof high water.) 

5. Lawreuceburg to Pittsburg, (waited at Pittsburg four dayB on account of high 
water.) 

6. Pittsburgh to Cairo. 

7. Cairo to Casey ville, aud thence to winter quarters at Paducah. 


The sum of her season’s work was 915 snags, of an approximate weight 
of 7,5G6 tons, and 21 wrecks. The average weight of an Ohio River 
snag is, therefore, 8.28 tons. 

The heaviest snag removed was taken out near Raleigh, Ky. It 
weighed 96 tons, and was pulled, cut up, and put away in 2.J hours. 
The most troublesome snag was the one which sunk the Arlington iu 
Cumberland Chute. The top of this snag was about 3feet uuder water, 
and it could not, thereto! e, be brought to the surface by the butting- 
beam, nor could it be lifted by the drag chain, as the stump was stand¬ 
ing vertical, with its roots deeply buried in the sand. It was finally re¬ 
moved (after being undermiued by one of the dredges then at work 
making a gap through the Cumberland Dam) by catching a fluke of the 
large grapuel in a cavity of the stump. The work of raising this mon¬ 
ster occupied the whole of two days. 

The winter of 1876-77 was unusually destructive to shipping in the 
Ohio and other western rivers. Notwithstanding the selection of what 
seemed to be the best harbor on the Ohio, the Woodruff was damaged 
by the great ice flood. The first blow from the ice-field knocked two 
boles,each about 6 inches in diameter, through the outer side of her port 
bow. The numerous bulkheads and general water-tight construction of 
the hull prevented her from siuking, and the holes were speedily 
stopped with bedding from the boat. After all danger from ice was 
over the boat was brought to Cincinnati, the injured sheet was removed, 
aud a new one was riveted iu its place by the use of a side-dock, thus 
making the hull as good as new. 

In my last annual report I stated that the boilers of the snag-boat 
were too far aft, and that I intended to move them forward before com¬ 
mencing this season’s work. This was done after the boat arrived at 
Cincinnati by turning them around the chimneys as a center. The bows 
were also strengthened, double jackets were placed around the chim¬ 
neys, cars were built to carry coal in the hold, and in general all the 
defects that were developed daring last season’s work were remedied as 
far as practicable. 

The boat is now on an even keel, and draws 36 inches when loaded 
with 800 bushels of coal and with boilers filled with water. 

The primary object of the Woodruff is the removal of snags, and to 
this work she is very complete. Her secondary work is the removal of 
coal-barge wrecks, of which, owing to the immense amount of coal car¬ 
ried on the Ohio, there is a plentiful crop every season. These are 
broken up by means of a huge six-fluked grapnel, weighing tons, 
which is attached to the chrome-steel hoisting-chain, and dropped over¬ 
board just above the barge to be wrecked. The continued dragging of 
this grapnel over the wreck soon tears it to pieces. 

Wrecks of steamboats aud of “model” barges (double-ended barges. 
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with steamboat bows) are too smooth and strong to be torn up by«a 
grapnel, and the. snag-boat does not therefore work at such obstructions. 
The only remedy for such wrecks is to employ a diver and blow them up 
with powder. 

We are greatly hampered in endeavoring to keep the Ohio clear for 
navigation by the owners of wrecked barges claiming possession of 
them until every pound of coal has been removed, regardless of the 
great injury which the presence of wrecks in a narrow channel may 
cause to passing vessels. Last year a wrecked barge loaded with brick 
remained in the channel at Mill Creek Island during the whole season, 
greatly endangering all classes of navigation, until the owner had taken 
out all the brick he found it profitable to remove. Late in the season 
I was notified that the barge was abandoned, but the suag-boat was 
then below Louisville, and soon after went into winter quarters. 

This wreck was not removed until June 20 of the present season, and 
therefore it obstructed the channel for over a year. 

This year I gave public notice in the newspapers that all wrecks 
would be considered as abandoned unless I was notified to the contrary. 
Many notices were sent to me, all of which have been respected. A 
few days ago, however, a claim was made ou me by a prominent coal 
firm of Pittsburgh for the value of a barge which had been torn up by 
the snag-boat, ou the ground that the barge had not been abandoned, 
although no notice to that effect had been received either at this office 
or at the snag-boat. The barge in question was carried out of the 
Monongahela iu the ice-flood of last January, and was sunk at Middle 
Island, 152 miles below Pittsburgh. It had, therefore, lain a wreck for 5 
months, and had already caused the destruction of another barge. It 
was a very serious obstruction of which all the pilots complained. Care¬ 
ful inquiry by the captain of the snag-boat in the neighborhood of the 
wreck failed to discover any act of the owners indicating that they still 
maintained a claim to the barge, and it was therefore broken up and 
removed from the channel. The owners of the barge now claim that 
the United States should pay them $1,000 for this barge, asserting that 
it was worth $1,200, aud that its removal would not cost more than $200, 
besides the value of the coal it contained. 

In view of these facts and for the protection of commerce, as well as 
of the officers of the Government who are trying to keep the great 
navigable rivers free from obstructions, I would earnestly renew the 
recommendations contained in my annual report for 1873, and I there¬ 
fore quote from it the following as the draught of a much-needed law: 

AN ACT to preserve the free navigation of the rivers and harbors of the United States. 

Be it enacted, <fc., That from and after the passage of this act it shall be lawful for 
persons in charge of works of improvement carried on under the authority of the 
General Government in any of the rivers or harbors of the Uuited States to remove 
any stranded or wrecked boats or barges, or any other obstruction which may inter¬ 
fere with the free navigation of -such rivers and harbors: Provided, That the work of 
such removal is not promptly begun and vigorously prosecuted by the owners of such 
boats, barges, or obstructions. In case of such removal by the agents of the General 
Government, tho cost of removal shall be a lieu agaiust the things removed. All prop¬ 
erty saved by the United States from wrecks that have been abandoned by their own¬ 
ers is hereby declared the property of the United States, to be disposed of as may be 
directed by proper authority. 

DREDGING. 


The United States dredges Ohio and Oswego were continuously at 
work in the Ohio River from before the beginning of the fiscal year 
until November 30. At the latter date they were sent up the Wabash 
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(at that time under my charge) to do some much-needed work at the 
Little Chain. The record of their work on this river will be found in 
the annual report of Maj. Jared A. Smith, to whom I transferred the 
charge of the Wabash on the 22d of January, 1877. The dredges re¬ 
turned to the Ohio on the last of February, and at once proceeded to 
Cincinnati for their annual spring overhauling and repairs. 

In the spring of 1876 the Ohio was furnished with a wrought-iron 
crane, experience having shown that the work required on the Ohio 
Eiver was too heavy for wooden cranes. This new crane has worked 
admirably, and with the permission of the Chief of Engineers, the 
Oswego has also been supplied with an iron crane. The most serious 
cause of accidents aud resulting loss of time and expensive repairs has 
thus been removed. 

RACCOON ISLAND, 273 MILES BELOW PITTSBURGH. 

The beginning of the fiscal year found both dredges at this place 
removing a lump between the two channels at the head of the island. 
On July 20 the work was nearly finished, 16,970 cubic yards having 
been removed during the month, (6,940 cubic yards had been removed 
in June,) wheu the dredges were ordered up the river to White’s Ripple, 
11 miles below Pittsburgh. 

DEADMAN’S ISLAND, 14 MILES BELOW PITTSBURGH. 

The dredges were suddenly ordered to this end of the river on account 
of serious complaints from the Pittsburgh Coal Exchauge that while 
dredging at Kay’s Bar and White’s Ripple (substantially the same 
place) earlier in 'the season, a dangerous lump had been left in the chan¬ 
nel. The dredges were stopped at Deadman, 3 miles below White’s, to 
remove a new shore-bar thrown out by Little Sewickley Creek, and to 
give Mr. Carpenter, the assistant engineer in charge of dredging, an 
opportunity to find the lump complained of at White’s. A careful ex¬ 
amination, made in conjunction with leading coal operators and pilots, 
showed that no work at White’s was needed, and the dredges, therefore, 
remained at Deadman. Work was much hindered by low water, and 
during a part of the time when the dredges were unable to work the 
crews were employed in building a small dam of brush and stone across 
the mouth of Little Sewickley Creek, so as to throw the current and 
deposits into the pocket below the shore-bar, and prevent the continual 
obstruction of the channel. This little dam has thus far accomplished 
its purpose admirably. Excavation made, 16,080 cubic yards. 

« 

FISH CREEK ISLAND, 113 MILES FROM PITTSBURGH. 

On completion of the work at Deadman the dredges went to Fish 
Creek Island, and removed a lump between the two channels of the 
river, completing the work October 11. Excavation made, 25,345 cubic 
yards. 

CAPTINA ISLAND, 109 MILES FROM PITTSBURGH. 

Work was begun here on the 12th, and continued uutil the 2lstof 
October, wheu the dredges started for Cumberland Dam. Excavation, 
7,830 cubic yards. 
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MATAMORAS, 141 MILES BELOW PITTSBURGH. 

The dredges removed the wreck of a coal-barge from the channel at 
this place. 


CUMBERLAND ISLAND, 908 MILES FROM PITTSBURGH. 


Serious and repeated complaints were made by the river interest 
during the summer and fall of 1876, that the effect of the dam across 
the Ohio at the head of Cumberland Island was to make this point 
occasionally the shoalest below Louisville. 

This dam was begun in 1832, and partly finished. It was repaired in 
1839, and again in 1854. It was repaired and finally completed in 1872, 
’73, and ’74, the latter work having been done under my direction. The 
repair of this dam was directly ordered by Congress in accordance with 
a report made by me on February 14,1872. At the time of making this 
report I understood from the old records that the dam had always 
worked satisfactorily when in good repair, and that the only problem, 
therefore, to be solved was to make if stand the water-pressure. Believ¬ 
ing that this could be done I so reported, and Congress ordered the 
repairs to be made. 

These repairs were a practical success, as the dam, with some slight 
additional repairs of weak points, substantially held its own. The re¬ 
sult, however, was a failure, from the fact that the natural current iu 
high and moderate stages is across the dam, while at such stages an 
-eddy is formed in the chute at the head of the island, causin'g it to fill 
with sedimentary deposit. As the water falls the dam begins to force a 
eurrent through the chute and to remove the deposits. If the river sub¬ 
sides so rapidly as not to allow time for the current to cut out a channel, 
-or if the scouring action is suddenly stopped and the deposits are remade 
by a flood from the Cumberland, low water comes on before the chute 
channel has been cut out, and thus boats find no passage either through 
the chute or over the dam. I am now satisfied that the reason why no 
record remains of such troubles in former times is that they never lasted 
long, being speedily terminated by the rupture of the dam. The suc¬ 
cess of the recent repairs brought into prominence the defect in the 
original design of the work. For a fuller statement of the reasons for 
the original construction of this dam, showing also why it proved de¬ 
fective, see Report of the Chief of Engineers for 1876, Part II, page 
22 . 


There was no remedy for this state of affairs, except to remove the 
dam, or at least to make a wide opening in it. On a full statement of 
the case, authority was granted by the Chief of Engineers to make a gap 
in the dam, and it was for this work that the dredges were ordered there. 
Work was begun November 3, about 75 feet from the shore of Dog 
Island, and the gap was extended thence toward the Kentucky shore 
for a distance of 420 feet, being 20 feet wider than the channel span of 
the Newport and Cincinnati Railway bridge. The stone was removed 
to a depth of 2 feet below low water. A portion of the stone was placed 
on the dam at each end of the gap thus clearly defining it at any stage 
of water below 20 feet, at which depth there will be sufficient water to 
cross the dam at any point. The work was completed on November 27, 
and the dredges at once started up the river, reaching the mouth of the 
Wabash on the 30th. 

The material handled at Cumberland Dam consisted of 10,011 cubic 
yards of loose stone and 1,777 cubic yards of sand. No part of this was 
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loaded on scows, it being deposited by the dredges either on the dam or 
in the deep water above and below it. 

The dredges remained in the Wabash River from November 30,1876, 
until the last of February, 1877, when they returned to Cincinnati, re¬ 
maining here until Jane 25, at which date they started up the river for 
Raccoon Island. 

In June, before the regular season’s work was begun, the Ohio removed 
a wrecked barge lying at the foot of Ludlow street, Cincinnati, and 
made one trip to the {Southern Railroad Bridge to remove a snag reported 
to be there, but which coaid not be found. 

TABULATED STATEMENT. 

The following tabulated statement shows the work of the dredges, and 
the cost of the same, lor the calendar year 1876: 
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DREDGES IN COMMISSION DURING 1676. 
Time. 

Ordinary dredging, days. 

Loose-rock excavations, days. 

Wrecking and snagging, days. 

Work on Wabash River, days. 

Lost: 

Traveling, days.... 

Accidents, days.,. 

High and low water, days. 

Sundays.. 

Total.. 

Total on Ohio River. 


100 
S3 
7 • 
15 

24 

10 

10 

39 


238 

221 


Work 


Cubic yards of gravel, &c., excavated during the season 
Cubic yards of gravel, &c.ffexcavated per working day. 
Cubic yards of loose rock excavated during the season. 
Cubic yards of loose rock excavated per working day— 

Number of wrecks removed. 

Number of snags removed.. 


103,928 

1,030 

10,344 

450 

10 

7 


Cost. 

Equipment: 

For the season. 

Per working day. 

Per day in commission. 

Towing: 

For the season. 

Per working day. 

Per day in commission. 

Salaries: 

For the season. 

Per working day. 

Per day in commission. 

Repairs: 

For the season. 

Per working day. 

Per day in commission. 

Cost: 

For dredging. 

For loose-rock exoavation. 

For wrecking and snagging. 

Per working day. 

Per day in commission. 

Per cubic yard gravel, &c. 

Per cubic yard of loose rock. 


•616 96 

4 57 
279 

6,493 00 
62 91 

38 43 

10,045 94 
74 41 
45 45 

096 S3 

5 16 
3 15 

17,806 13 
4,095 41 
1,246 43 
178 06 
108 77 
17.1 
3k6 


DREDGES OUT OF COMMISSION DURING 1876. 
lime. 


In ordinary, days. 

Annual spring repairs, days. 


Total. 1* 


Cost 


Total in ordinary... #4,195 45 

Per day in ordinary. ® ® 

Annas! spring repairs. 3,3760* 

The contract price for towing was $38 per day, Sundays excepted, with no deductions except when 
tow-boat was unfit for duty. Under the charter she was to furnish the dredges with coal witbae* 
additional charge. Occasionally an extra tow-boat was hired for a few days. This expense is included 
under “Towing.” 


It is proper to state that the necessity of abandoning the work at 
Baccoon Island to go up to White’s aud Deadman, and the subsequent 
necessity of going down to Cumberland Island, which is only 60 miles 
from the mouth of the river, added considerably to the cost of dredging 
in 1876. The distance between the extreme points at which the dredges 
worked is 903 miles. 
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MOVABLE DAM AT DAVIS ISLAND. 


Since my last annual report the legislature of Pennsylvania has passed 
an act ceding jurisdiction over the land which may be purchased for this 
work. Without such action on the part of the State the work could not 
be begun. 

The act reads as follows: 


AN ACT to grant the consent of the State of Pennsylvania to the acquisition by the United States 
of certain lands within the State and bordering on the Ohio, Monongahola, and Tonghiogheny Rivers, 
for the purpose of ereoting thereon dams, abutments, locks, lock-houses, offices, and necessary strnot- 
urea for the construction and maintenance of slack-water navigation on said rivers, and ceding juris¬ 
diction over the same, and for imposing fines and penalties for willful injuries to the grounds* build¬ 
ings, and appurtenances acquired under the provisions of this act. 

Section 1. Be it enacted by the Senate and house of Representatives of the Commonwealth 
of Pennsylvania in genei'al assembly met , and it is hereby enacted by the authority of thesame t 
That whenever the United States shall begin the improvements of the Ohio, Monon- 
gahela, and Yonghiogheny Rivers by means of looks and permanent or movable dams, 
or dams with adjustable chutes, the consent of the State of Pennsylvania, through 
the governor thereof, is hereby given to the acquisition by the United States, by the 
purchase or by condemnation in the manner hereinafter provided, of any lands, build¬ 
ings, or other property necessary for the purpose of erecting thereon dams, abutments, 
locks, lock-honses, chntes, and other necessary structures for the construction- and 
mainteqanceof slack-water navigation on said rivers; and the said United States shall 
have, bold, nse, and occupy the said land or lands, buildings or other property, when 
purchased or acquired as provided by this act, and shall exercise jurisdiction and con¬ 
trol over the same concurrently with the State of Pennsylvania. 

Sec. 2 . If the United States shall determine to take lands, buildings, or other prop¬ 
erty necessary for the purposes mentioned in the first section of this act, and cannot 
agree with the owner or owners of such lands, buildings, or other property, for the 
compensation to be made for such taking, the court of common pleas having jurisdic¬ 
tion "in the county where such lauds, buildings, or other property are situated, shall, 
upon application by either the United States or the owner or owners, or any one in 
behalf of either, shall appoint three disinterested freeholders, who, having duly quali¬ 
fied before said court, and having given such public notice, and such notice to owners 
of the premises to be reviewed and appraised, of the time aud place of meeting as 
the said court may direct, shall ascertain and determine the amount of compensation 
to be paid to such owner or owners, who shall make reports to said conrt of their 
award on or before the first day of the term next after their appointment. 

Provided , That the said United States shall not be authorized to take possession of, 
or use or occupy, the lands, buildings, or other property taken under the provisions 
of this section, until the amount of said award shall be paid to the owner or owners 
thereof: Provided further , That the said court may set aside the report of said view¬ 
ers, upon being satisfied that the amouot of said warrant is excessive or insufficient: 
And provided further* That upon the application of any party aggrieved, made within 
thirty days after the filing of the report of the viewers, for an issue to try the facts 
in controversy between the respective parties, and to determine the amount of com¬ 
pensation due for property condomned and taken, or for property injured or destroyed 
by the construction or enlargement of the works and improvements contemplated by 
this act, it shall be the duty of said court to award said issue, and any appeal taken 
pursuant to this act shall be signed by the party or parties taking the same, or by his 
or' their agent or attorney, and shall be accompanied by an affidavit of the party ap¬ 
pellant, or by his or their agent or attorney, that the same is not taken for the pur¬ 
pose of delay, but because the affiant firmly believes that injustice has been done. 

Sec. 3. That if any person or persons shall willfully or maliciously injure any of the 
lands, buildings, or other property acquired or held under the provisions of this act, 
such person or persons shall be liable to a fine of not less than twenty dollars, and to 
an imprisonment not exceeding six months, or both, or either, at the discretion of the 
court, said offense to be prosecuted and punished in any court of competent jurisdiction. 

E. Reed Myer, 

Speaker of the House of Representatives . 

Jno. C. Nkwmyer, 
President pro tempore of the Senate, 


Approved the seventeenth day of March, anno Domini o le thousand eight hundred 
and seventy-seven. 

J. F. Hartranft. 
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The United States district attorney at Pittsburg has been for some 
weeks engaged in an endeavor to procure the land necessary for the lock 
and dam at Davis Island, but at this writing ho has not completed bis 
labors. The plans for constructing the lock are all ready, and work will 
probably be begun before this report reaches Congress. 

SPECIAL SURVEYS. 

The following resolution was passed by the House of Representatives 
on March 2, 1877: 

Resolved, That the Secretary of War l>e requested to report to Congress on the best 
methods, by harbors of refuge or otherwise, of protecting the river commerce of Cin* 
oinnati from floes of ice in the Ohio. 

The duty of preparing the report contemplated by this resolution has 
been assigned to me, and the necessary preliminary surveys are now in 
progress. 

In compliance with resolutions of the House of Representatives, dated 
January 17,1877, and January 30,1877,1 reported on Mill Creek asabar- 
bor of refuge, (report printed as Ex. Doc. 34, H.of R., 44th Cong., 2d sess.,) 
and also on Mill Bottom, Kentucky, opposite Cincinnati, for the same 
purpose, (report printed as Ex. Doc. 39, Senate, 44th Cong., 2d sess.) 

ESTIMATE. 

The estimate submitted in my last annual report for the lock and mov 
able dam at Davis Island, including permanent dam behind the island, 
was $405,000. In this sum nothing was included for the purchase of 
land. Inasmuch as this land will all be purchased in a few months it 
will perhaps be better not to‘Submit an estimate of its cost, but simply 
to add its actual cost to next year’s estimate. 

Thus far $100,000 has been appropriated for the movable dam, leaving 
$365,000 still necessary in addition to the cost of the land. 

The cost of running tlie snag-boat and the two dredges for one year 
will be $60,000. 

For riprap dams, office expenses, and contingencies, I would request 

$ 100 , 000 . 

ESTIMATE FOR 1878-79. 


For snag-boat and dredges one year.$60,000 $ 

For riprap dams, office expenses, and contingencies. 100,000 ft* 

For movable dam at Davis Island. 365,000 Oft 

Total... 525,000 00 


Money statement. 


July 1,1876, amount available. 

Amount appropriated by act approved August 14,1876 

July 1, 1877, amount expended during fiscal year. 

July 1, 1877, outstanding liabilities. 


$117,020 95 
175,000 00 


110,577 59 
6,924 00 


$292,020 95 


117,50159 


July 1, 1877, amount available. 174,519 36 

Amount that can be profitably expended in fiscal year ending Jane 30,1879. 525,000 ft> 
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T 2. 

REPORT OF BOARD OF ENGINEERS ON OHIO RIVER IMPROVEMENT. 

Cincinnati, Ohio, February 23, 1877. 

General: The Board of Engineer Officers appointed by Special Orders 
No. 15, dated Headquarters Corps of Engineers, Washington, D. C., 
February 14, 1877, met at Cincinnati, at 10.30 a. m., February 20, 1877. 

Having examined and discussed the questions involved in the pro¬ 
posed improvements of the Ohio River, as presented for their consider¬ 
ation by the accompanying letter of instructions of the Chief of Engi¬ 
neers, dated February 14,1877, (appended and marked B,) they have 
now the honor to submit their views thereon in the following 

REPORT. 

During the lowest stages of water the Ohio is not navigable by steam¬ 
ers of ordinary draught; in fact, it is scarcely navigable at all above 
Wheeling for minimum draught steamers without freight. 

The annexed tabular statement (appended and marked “A”) shows 
the number of days that the river ranges from 6 feet to 3 feet at Pitts¬ 
burgh and Wheeling. 

For many years attempts have been made with partial success to 
remove bars or shoals in the river by the construction of wing-dams 
and by dredging. This method of improvement is still being carried 
on by the United States Government. It is the opinion, however, of 
civil engineers as well as of officers of the Corps of Engineers that rad¬ 
ical improvement can be effected only by some system of slack-water 
navigation, that is, by locks and dams. The best system of this kind, 
if it can be applied with success, is that which permits the removal at 
pleasure of a portion of the dam formed of movable wickets, and this 
method of improvement has been proposed for the Ohio River. To test 
its applicability, Major Merrill, in charge of the Ohio River improve¬ 
ment, in his annual report of 1874, recommended that a lock and dam 
with Chanoine wickets for the Pass should be constructed across the 
river about six miles below Pittsburgh, and $100,000 were appropriated 
by the act approved March 3, 1875, to commence the structure for trial. 

It seems, however, that the Pittsburgh Coal Exchange and the Steam- 
boatmeu’s Association are opposed to this system of improvement, and 
are strenuously exerting themselves to prevent the commencement even 
of the trial-dam. They have submitted a memorial to the Congress of 
the United States, protesting against its construction, with au accom¬ 
panying report setting forth their reasons therefor under various heads. 
This memorial and report have been submitted to the Board with in¬ 
structions to examine into the objections urged against the system by 
the gentlemen of the above named associations and to give their views 
thereon. 

Taking up the line of argument essentially in the order followed in 
their report, we readily acknowledge that the w tow-boat and barge sys¬ 
tem,” is an admirable one for the transportation of bulky materials, and 
that the " combining tonnage in fleets” results probably in u the cheapest 
transportation in the world,” and that u cheap transportation” is a material 
element in the growth and prosperity of the Ohio and Mississippi Val¬ 
leys. 
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“ GREAT THROUGH LINES AND WAY LINES.” 

The memorialists, under the bead of “ great through lines and way 
lines,” state that— 

As the barge fleets, convoyed by tow-boats, must, in the nature of things, consti¬ 
tute the great through lines upon the navigation, all attempted improvements of the 
Ohio should be so contrived as to inorease their safety and expedite their voyages- 
This is undoubtedly the true policy in the management of our attempted river improve¬ 
ments, and nothing of a different character should be permitted to be done in behalf 
of single freight and passenger steamboats, beoause from railroad competition their 
occupation in this quarter seems to be nearly gone, their business dwindled to com¬ 
parative insignificance, and their numbers uiuiinished to a small fraction of their 
former multitude. This decadency leaves their future no better promise than the war 
business between the towns and villages along the river shores, and the navigation of 
the streams flowing into the Ohio. 

If it be true that transportation on the Obio’other than by ts combining 
tonnage in fleets” has become insignificant, then the system of improve¬ 
ment of the river should be made with the view to facilitate that kind 
of transportation; but if there are important interests connected with 
the various large towns and cities along the river from Pittsburgh to 
Louisville which would be fostered by a system of improvement that 
would make the river navigable throughout the year to passenger and 
freight steamers of ordinary draught, those interests also demand consid¬ 
eration. Though the quantity of coal carried from Pittsburgh down the 
Ohio is very large, amounting in value to about $6,000,000 a year, other 
freights of export and import much exceed that of coal in value. Besides, 
there is a large commerce connected with other large towns and cities 
of the Ohio, which is carried on by freight-steamers. Though we have 
no means of estimating this accurately, yet, from data accessible, we 
doubt if the coal shipped much exceeds 5 per cent., in money value, of 
all other kinds of freight transported on this river. It would seem, 
therefore, that the coal-transportation interest of Pittsburgh is in no 
way entitled to dictate the system of improvements for tbe Ohio to the 
exclusion of all other interests. However, when fairly and impartially 
discussed and thoroughly appreciated, it will probably be admitted that 
the proposed system of improvement of the Ohio will be beneficial to 
the coal-trade as carried on by “ combining tonnage in fleets” as well asto 
that effected by single steamers carrying freight or towing one or mow 
barges. 

The memorialists further state that, having canvassed “ with studious 
care the new plan for the river improvement, they are constrained 

* * * to express their unqualified dissent from the Qame, and their 
undoubting belief that this plan, if carried out, would utterly ruin and 
annihilate the entire towing system now working so beneficially on the 
Ohio.” They assign their reasons therefor as follows: 

MONONGAHELA NAVIGATION. 

There are bat four locks and dams on the Monongahela which the Ohio transports 
have occasion to nse. It costs one cent a bushel to pass coal through these, including 
lockage, whioh constitutes one-third thereof, which snm, be it remembered, is for past¬ 
ing 60 miles only, from Brownsville down to this oity, while it costs no more to tran$> 
port coal from Pittsburgh to Louisville, a distance of 600 miles, by the present to wing- 
system, notwithstanding that the river between the two latter places is already ob¬ 
structed by bridges to a very serious extent, increasing tbe cost of transportation ai 
well as the dangers of navigation. At the same rate, it would cost 10} cents to pass 
46 dams to Cincinnati; and to get through these, and the 6 additional proposed dams 
between Cincinnati and Louisville, making 52 locks in all, the cost would be 12£ cents 
per bushel, or $3.37 cents per ton. It is scarcely necessary to add that the river com¬ 
merce coaid not exist under such a heavy imposition. 
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To this statement we reply that the cases are not parallel. The 
locks on the Monongahela are small, the standard size being 190 by 50 
feet. As originally built, there was but one lock to a dam, bat the 
gradual increase of business required a corresponding increase in lock- 
accommodation, and therefore an additional lock was added to each of 
the two lower dams, its dimensions of chamber being 250 by 56 feet. The 
old locks can only pass 2 barges at a lockage, and the new locks can 
pass the same together with a small tug. The passage of 10 barges, 
therefore, requires 5 lockages. 

The proposed Ohio River lock will be so large as to pass these 10 
barges with their tow-boat at owe lockage. As the cost of working large 
river-locks ought not to be much greater than the cost of working small 
ones, it is evident that a correct comparison would put the cost of pass¬ 
ing one Ohio River lock at little over one-fifth the cost of passing one 
Monongahela lock. If, however, we take into account the fact that the 
Monongahela dams belong to a private corporation which makes a profit 
on its investment, it is evident at once that the Ohio River locks could 
be kept up by tolls much smaller than one-fifth of those charged on the 
Monongahela. 

It is therefore apparent that the statement of probable tolls to Cin¬ 
cinnati of 10J cents per bushel, and to Louisville of 12J cents per bushel, 
is greatly exaggerated, and in case the locks are largely used the ex¬ 
pense will probably not be more than one-tenth of that above stated. 

But the coal-fleets may, and probably will, go down the river after the 
construction of the dams, as they do now, on the high stage of water 
and not through the locks. As dues are not required of boats that pass 
over the falls at Louisville, it is probable that none will be required on 
the Ohio River when the boats do not use the locks. The advantage of 
locks is this: that in low stages of the water coal can be carried to man¬ 
ufacturing towns on the river below Pittsburgh in case of need. At times, 
some manufacturing establishments have been compelled to stop for the 
lack of coal, the supply of which failed on account of the long continu¬ 
ance of the low stage of water in the Ohio. 

The passes contiguous to the locks are to be 400 feet wide, and well 
marked out by night as well as by day. As the approaches to the passes 
will be in the line of the channel, and as the coal-fleets are usually but 
100 feet wide, though very exceptionally reaching a width of 150 feet, 
we believe that they will not be endangered in passing through them. 
This passage will be far safer than that of any railroad-bridge above 
Cincinnati. The channel-spans of these bridges vary from 300 to 400 
feet, but there are no guides into these openings, and the currents through 
them are variable, sometimes setting on one pier, sometimes on the other. 

“ITS LIABILITY TO ACCIDENTS.” 


There is little similarity between the Monongahela dams and those 
proposed for the improvement of the Ohio. The former are permanent, 
giving a system of transportation by lockage alone. The latter permit 
open navigation for high stages of water, during which most of the 
balky freight, such as coal, will be transported, and form a lockage sys¬ 
tem only for that portion of the year when the low water would not per¬ 
mit its transportation at all. The destruction of a permanent dam stops 
navigation at all seasons until it is rebuilt. Injury to a wicket can be 
readily repaired, and at the worst its repair simply delays transporta¬ 
tion for a short time. Experience in France shows that no serious 
troubles have been caused by accidents to similar dams. 
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“ EFFECTS OF THE LOCK AT LOUISV1LLB.” 


The heading of this paragraph would seem to intimate that there is 
but one lock at Louisville, and that all the delay and expense at this 
place are caused by this one lock. The truth is, that the Falls of the 
Ohio at Louisville are passed by a caual 85 feet wide and 2 miles long, 
with two outlets at its lower eud. The old outlet enters the river by a 
flight of three locks, and the new outlet by a flight of two locks. These 
locks overcome a fall in low water of 26 feet, or more than four times 
as much as will be overcome by au Ohio Stiver lock. 

The delay at the Louisville and Portland Canal is due to its length, 
its comparative narrowness, (85 feet,) its great fall, (26 feet,) and the fact 
that the locks are in flights without any intermediate basin. The result 
of this arrangement is that a steamboat must pass through both locks 
of the new outlet, or through all three locks of the old outlet, before 
another steamboat can enter. This plain statement of facts should 
suffice to show that the argument based on experience in this canal is 
fallacious. 

The statement is made that during high water “ there may be fifty 
tow-boats” waiting at Louisville at one time. It is sufficient to state 
in reply that in the last annual report of the Chief of Engineers (Be- 
port of Chief of Engineers, 1876, vol. 1, p. 760) Captain Mackenzie, 
Corps of Engineers, the officer iu immediate charge of the canal, in 
explaining the cause of delays in passing through the caual, uses the 
following language: 

Frequently there are as many as four or fire tows, with from 15 to 20 boats etch, 
waiting to pass down through the canal, and, at the same time, passenger-boats and 
upward-bound tows pressing their claims. 

The Board are therefore compelled to conclude, from this official record, 
that the assumed simultaneous presence of 50 tows at the Louisville 
and Portland Canal is a great exaggeration. 

Were there a continuous system of movable dams on the OhioBiver, 
it is evident, in the first place, that there wonld be no rush, as the exist 
ence of a perpetual navigation would make it unnecessary, and, in the 
second place, if tows descended daring the low water they would nat¬ 
urally aud inevitably pass through the first lock in succession, and a 
regular order of arrival at all the locks would thus be established, ia 
consequence of which but one tow at a time would reach a lock. | 

PURCHASED BY GOVERNMENT AND TOLLS REDUCED. 


This lock, let it l>e remembered, has been purchased* by the Government, and is 
worked by its agents. A toll of 8 cents a ton on the tonnage of every passing craft, 
with an additional 2 cents upon steamers and model barges, is charged to keep the 
work in repair and pay the current expenses. Five oents a ton was the first charge 
when the Government took possession, but being found inadequate to meet current 
expenses aud repairs, the present rates were established, which cost each tow-boat with 
her tow from (600 to (800 a single passage. Twenty-fonr men, besides four or five 
mechanics, are required to manage the look. Is it probable that the proposed new 
locks, chutes, and dams can be operated with fewer men or at a less expense, or that 
an eqnal charge will not be neoeesary at each dam f for the whole force will have to 
be constantly on hand and under pay, whether the chutes are npor not. But sappo* 
the necessary charge to be but one-half, or 5 cents per ton on the tonnage of gll passing 
craft, the passage at this rate through 68 locks wonld tax the towing system upon the 
Ohio out of existence. 

This paragraph is not correct iu many particulars. The tolls on the 
Louisville aud Portlaud Canal for passing through 2 miles of canal and 
2 or 3 locks, are unquestionably 8 ceuts per ton on coal-barges, but this 
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is levied on the registered “ under tonnage,” (determined by technical cus¬ 
tom-house rules,) which is only about one-halt' the carrying capacity. 
Captain Mackenzie, in the report just cited, states (p. 762) that the toll 
on coal is about £ of a cent per bushel. 

The memorialists conclude that the passage, at the rate stated by 
them, viz, 8 ceuts per tou for a single lock, “through 68 locks, would 
tax the towing system of navigation upon the Ohio out of existence.” 

The answer to this is clear. 

The premises ou which the memorialists reason are inaccurate. The 
canal aud locks at Louisville, as before shown, are equal in lift to 4 of 
the proposed Ohio River locks, aud if it costs £ of a ceut per bushel to 
pass the Louisville locks and canal, it will cost a little less than two cents 
a bushel to pass 46 locks between Pittsburgh and Cincinnati, and a little 
more than 2 cents to pass the 52 locks to Louisville. But the offi¬ 
cer in charge of the Louisville and Portland Canal thinks that the rates 
there will soon be reduced to three-fourths or one half of the present 
amount. If reduced to one-half, the corresponding rates to Cincinnati 
and Louisville would be about I cent per bushel. If this tax were put 
upon all the coal shipped, it would amouut to $750,000 a year; enough 
to pay the running expenses of all the proposed Ohio locks. 

REMARKS ON THE MOVABLE CHUTES. 

It is urged by some inexpert observers that in high-water the chntes will be lowered 
and the rows will pass without hinderanca, thus insuring a cheap aud unobstructed 
navigation. This might occur, more or less, in the downward passage. But most of 
the difficulties and ddays which embarrass the passage at Louisville would have to he 
encountered by the returning fleets, with or without freight, owing to the short dura¬ 
tion of I he Ohio floods. But even if the water remained high, the upward-bound tow¬ 
boats, with their numerous attachments, could not stem the rusbiug current through 
the chutes. This supposed high-water condition, however, would be of rare occurrence 
10 the returning fleets; usually the^v would find the chutes raised and ti e locks their 
only method of passing the dams, and a most tardy one it. would he when from 500 to 
1,000 boats and barges were ou their return voyages, using the locks at every dam. 

Wo are of opinion, as before stated, that the passage down the Ohio 
of the coal-fleets at high stages of the river will not be essentially in¬ 
terfered with by the system of improvement proposed. There seems to 
be some force in the objection made by the memorialists that the re¬ 
turning coal fleets will be impeded iu their progress if compelled to use 
the locks, and that if the height of the river permits its open naviga¬ 
tion, the wickets of the dams being down, the increased rapidity of the 
current at the passes will retard the ascent of these returning boats. 
These objections, however, are not as forcible as they appear at first 
view. For— 

First. As a rule, coal-boats are not brought back. Coal-barges, only, 
return to the starting point. 

Second. As the alternations of high and low water are rapid, often 
occurring in the same month, great difficulties and delays are frequently 
encountered by returning coal-fleets at low stages of water by reason 
of bars and the rapid currents at narrow portions of the river, so much 
so, that a slack-water navigation, with a scarcely noticeable current, and 
with but one lock for every 10 miles, would doubtless be more rapid 
than the open-river navigation against a rapid current. 

Since the introduction of slack-water navigation experience on the 
Mouougahela shows that the time of passing np the river to Brownsville 
has been reduced at least one third. 

We do not see any necessity for, or even probability of, a large num¬ 
ber of returning coal-fleets so congregatiug as to reach a lock at the 
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same time. After this system of improvement is established the coal- 
fleets will doubtless move successively, so as uot to interfere with one 
another, knowing that their return cannot be prevented by any fall of 
the river, however low. 

There will doubtless be some increase in the velocity of the current 
contiguous to the locks when the passes are open that will somewhat 
impede the returning fleets in getting through them. But the length of 
these passes is short, and the obstruction occasioned by their increased 
current is not as great as at many places in the river where the naviga¬ 
ble waters are much reduced in width, giving rapid currents for dis¬ 
tances varying from 100 yards to 1 mile. At the Trap, 11 miles below 
Pittsburgh, the channel is only about 230 feet wide for a length of about 
1 mile. 

While acknowledging, however, the force of this objection to a lim¬ 
ited extent, this Board do not think it sufficient to militate against a 
system which will be so advantageous to all iuterests on the river, giv¬ 
ing a navigation for boats of large draught during the whole year, and 
affording to the coal-fleets an assured means of returning at low stages 
of water. 

They would remark that the sills of the passes are to be placed so 
low that no boat can touch them that can go over the controlling shoals 
in the river. 

Confining themselves to their instructions, this Board have not in¬ 
tended to express auy opinion as to the general question of improving 
the Ohio, but have restricted themselves to giving their views as to the 
objections to the systems proposed, as set forth by the Coal Exchange 
and thij Steam boatmen’s Association of Pittsburgh, in their memorial 
to Congress of December 23, 1875. 

As before stated, we think that one interest alone, namely, that of 
persons engaged in transporting coal from Pittsburgh, should not, by 
its opposition, prevent the trial of the proposed dam if the other im 
portant interests of that city aud of the river cities and towns, many 
times more valuable, are in favor of it. So far as we are informed, the 
memorialists are the only persous who oppose the construction ot the 
dam. 


Respectfully submitted. 


F. A. Mahan, 

First Lieut Engineers , Recorder . 


Z. B. Tower, 

Colonel of Engineers, Bvt. Maj. Ots, 
H. G. Wright, 

Lt. Cot of Engineer a, Bvt. Maj. Of** 
G. Weitzbl, 

Major of Engineers , Bvt. Maj . Oen. 

Wm. E. Merrill, 
Major Engineers and Bvt. Colonel 


In signing the above report, I desire to add, that if I had been called 
upon to make an individual reply to the memorial of the Pittsburgh Coal 
Exchange, my statements would have been considerably stronger than 
those contained in the foregoing, and I therefore feel it necessary to 
remark that I see no reason to modify or retract anything contained io 
my annual reports in regard to the proposed movable dam at Davis 
Island. 

The opinion of engineers is almost unanimous that a constant navi¬ 
gable depth iu the Upper Ohio can only be obtained by the construe* 
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tion of dams in the bed of the river. My predecessor, Mr. W. Milnor 
Roberts, recommended permanent dams. I fully agreed with him until 
I learned of the great improvements receutly made in France, by con¬ 
structing movable dams. The change, therefore, from permanent to 
movable dams is merely a step in advance. 

When I first recommended the general adoption of * movable dams, no 
opposition to this method of improvement appeared. Since the Coal 
Exchange have begun to oppose them, I have limited myself to recom¬ 
mending the construction of one dam at Davis Island, iu order to test the 
applicability of the system. I still think that the opponents of this 
dam do not thoroughly understand either its construction or its opera¬ 
tion in practice, and that when it is built their opposition will cease. 

Should experience, the only safe teacher, show that this dam is really 
an injury instead of a benefit to commerce, the river can be restored to 
its natural condition by simply removing one small pier, at a cost of less 
than $1,000. Everything else can remain as it is. The lock-wall will 
be a great advantage in guiding fleets into the narrow pass immediately 
below the dam known as “ Horsetail,” which is only 300 feet wide, and 
through which all fleets must now pass except in very high water. 
Nothiug connected with the uavigable pass need be removed as, if it be 
left open, no boat that can pass over the bars above aud below will be 
able to strike its sill or its wickets.. 

It is very easy to urge theoretical objections to movable dams, and 
to suppose extraordinary accidents. This is precisely what was done 
iu France before the movable dams were built on the Seine, but ex¬ 
perience soon showed that the difficulties of theory did not occur iu 
practice, aud now there are no stronger advocates of these (Urns than 
those who boat on the river. The reaction is so great that boatmen 
absolutely object to having the dam down at all, preferring a slack-water 
navigation to an open river with a good natural depth. 

When dams were first built ou the Monongahela there was a similar 
outcry, and yet these dams have made the coal-trade what it is, and 
without them it would amount to but a fraction of its present propor¬ 
tions. 

I would therefore sum up as follows: 

1st. There is no practical method of giving a constant navigable depth 
on the Ohio except by dams. 

2d. Movable dams are better than permanent ones, as they leave the 
river open when there is naturally a sufficient depth for navigation. 

3d. The applicability of movable dams to the improvement of the Ohio 
River cannot be determined until one is tried on this river. 

4th. If it proves a failure the river can be restored to its natural con¬ 
dition at an insignificant cost, and this contest of rival interests will be 
definitely ended. 

5tb. In view of the magnitude of the interests to be benefited, it is of 
great public utility to build and test one movable dam on the Onio. 

Wm. E. Merrill, 

Major Engineers , Bvt. Colonel . 

I fully concur in the foregoing remarks and conclusions of Major 
Merrill/ 

G. Weitzel, 

Major of Engineers and Bvt Maj . Gen., V. 8. A. 

Brig. Gen. A. A. Humphreys, 

Chief of Engineers, U. 8. A . 
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A. 

Average stages in the Ohio River at Pittsburg, Pa., as determined by 22 years * gauge obser¬ 
vations. 
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Average stages in the Ohio River at Wheeling, W. Pa., as determined by 28 years 1 gauge obser¬ 
vations. 
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B. 


LETTER OP INSTRUCTIONS. 


Office of the Chief of Engineers, 

Washington, D. C. t February 14,1877. 

Sir : Owing to an impression which continues to he manifested that the improve¬ 
ment of the navigation of the Ohio River by locks and dams, with adjustable chutes, 
is not admissible when applied to the peculiar navigation of that river, the board of 
engineer officers constituted by Special Orders No. 15, Headquarters Corps of Engineers, 
dated February 14, 1877, is convened with the view of taking into consideration and 
replying to the arguments in opposition, to that plan embraced in a memorial addressed 
to Congress, December 23,1875, by the Coal Exchange aud the steam boatmen’s Asso¬ 
ciation of Pittsburg, a copy of which is herewith transmitted for the us© of the board. 

The board is desired to maturely consider each objection of the memorialists, and 
submit its views iu dttail upon them successively as they appear in the memorial in 
questiou. 

It is suggested, and the Board is so authorized, that observations be caused to be 
made, when deemed necessary, to supply any information that may be desired in this 
investigation and uot readily at band. 
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The expenses of the board will be borne by the appropriation for the improvement 
of the Ohio River. 

By command of Brig. Gen. Humphreys. 

Very respectfully, your obedient servant, 

John G. Parkr, 

Major of Engineers . 


Col. B. Tower, 

Corps of Engineers . 


MEMORIAL RELATIVE TO THE OHIO RIVER NAVIGATION, FROM THE PITTSBURGH COAL 
EXCHANGE AND THE STEAM BOATMEN’S ASSOCIATION. 

Pittsburgh, January 17, 1876. 


COMMANDING LOCALITY AND INCREASING USEFULNESS OF THE OHIO. 

The treatment of the Ohio River in such a way that the greatest benefits may be de¬ 
rived from its navigation is a subject of great importance, not only to the citizens upon 
its borders, but to the whole couutry. Its direction, central situation, and fluvial con¬ 
nections, seem to indicate that by a judicious regimeu it mav be made an essential 
part in a great eastern and western transcontinental line of cheap transportation, as 
well as the most useful adjunct of that wonderful thoroughfare, the Mississippi, whose 
waters form a natural medium of ready intercourse nearly across and connecting the 
zones of the northern hemisphere. 

CONCLUSIONS OF PRACTICAL EXPERIENCE ON THE RIVER. 

Your memorialists, with the keen observation inspired by deep personal interest, 
through a series of many years, have investigated all the various schemes for the river 
improvement that have been suggested by the best authorities in engineering: they have 
noted experience elsewhere; and they have carefully drawn the fairest couclusi ns from 
these sources, as well as from practical observations growing ont of their own business 
as transporters. The results reached by this guarded process are fully set forth in the 
annexed report on the Ohio River navigation, prepared with great care and solicitude 
by a special committee, consisting of citizens long and largely interested in busiurss 
upon the navigation. This report the undersigned respectfully present, and ask that 
it may be taken as a part of this their memorial. 


WATER CHEAPER THAN RAILROAD TRANSPORTATION. 

All the maxims of sound political economy cherish the river interests and are op¬ 
posed to any adverse system or policy. The recent experiences and demonstraiioi s 
npon these subjects, the ascertaining of the full value and mission of railroads, and 
the incontestable proofs that have been given that carriage on navigable waters, when 
unobstructed and not interfered with by nnwise meddling, is and must ever remain 
far cheaper than by rail, remove all doubt as to its beiug tne duty of the Government 
to shield from encroachment all the existing water-lines of traffic ; to remove obstruc¬ 
tions that have been unguardedly placed in them ; to improve them on a discreet plan, 
certain to assist their usefulness, so as, in the aggregate, to cheapen and facilitate in¬ 
tercourse throughout the various sections of the continent. 


COMMERCIAL EXCHANGES—LOW CHARGES OF THE UTMOST CONSEQUENCE. 


To improve the communications between the producer and the consumer, in order 
that the carrier from one to the other shall levy for his work the least possible por¬ 
tion of the value he transports, is oue of the most momentous of the desiderata of 
modern times. 

In the accomplishment of this on a navigation like that of the Ohio River everything 
that causes obstructions, delays, losses, should be sedulously avoided, as they increase 
the trausit charges and raise the price of those indispensable necessaries of life whose 
cost is principally made np of transportation. For, by any means whatsoever, to inter¬ 
fere with or obstruct these commercial highways, so as to prevent cheap transportation 
of the means of comfort and the elements of prosperity, whether consisting of c>al or 
iron-ore, or breadstuffs and provisions, or the fabrics of onr shops and manufactories, 
is contrary to individual and public welfare. As a general principle, to cheapness 
sboqjd be added safety in the Government dealing, and by these means will be secured 
the twofold object sought for—cheapness and safety—and the accomplishment of all 
that can be done to assist this, one of the most munificent of nature’s highways. 
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FRENCH SYSTEM OF IMPROVEMENT NOT ADAPTED TO THE OHIO. 

Of all the plans for improving the Ohio, no one has been entertained with as much 
approbation, in any quarter, as that by locks and dams, with adjnstable chute*, now in 
use on some ot the’Vivers of France. This has been recommended by Colonel Merrill, 
United Statts engineer in charge of the Ohio River improvement, and has the weight 
of his opinion, and that of some others equally emineut in the profession, in its favor. 
Your memorialists have not been able, after the most diligent research, to take the 
san e view, nor to regard it as admissible when applied to the peculiar navigation and 
constituents of freight upon the Ohio. Their reasons for its rejection are contained in 
the annexed report. 

EXPERIMENTAL DAM NOT NECESSARY. 

An experimental dam to test its merits is recommended to be placed in the Ohio, 
suthcieutly near Pittsburgh to increase the natural height of the water in the harbor 
six teet. Their objections to this structure are also in the report. Though such an in¬ 
crease in the water-level receives considerable support from the citizens here, your 
memorialists know of none who are interested in the navigation who are not decidedly 
opposed to the dam. Were it even a local benefit, if it interfere with a general in¬ 
terest, economical wisdom would forbid its construction. 

EXPERIENCE IN FRANCE INAPPLICABLE. 

But experience iu France, where the streams are comparatively so diminutive and 
the character of the commodities transported so different, render such precedents of 
more than doubtful authority. It is well to call to mind that the whole empire of 
France, before Alsace and Lorraine were detached, contained an area of but two ban¬ 
died and four thousand square miles, and that the Ohio drains an area of two hundred 
aud fourteen thousand, bound up with the mighty Father of Watfcra with an addition 
of more than a million and a half. 

FRENCH DAMS TO BE ERECTED IN THE KANAWHA. 

But if experimental dams are required to settle the question whether the Freneb 
plan of improvi g the Ohio shall be adopted, we learn from Colonel Merrill that Cba- 
noine dams are soou to be constructed on the Kanawha. These will afford the required 
test ot the adaptability of the French system, without incurring the charge and risk¬ 
ing the uppreheuded consequences of the proposed experimental structure near Pitts¬ 
burgh. 

TRUK IMPROVEMENT, WITHOUT RISK, RECOMMENDED. 

For the improvement of the navigation most certain to be advantageous, and pon- 
tively not injurious by any possible consequences, a simple plan is sketched in the 
accompanying report, of minimum cost, aud benefiting every class of transporters, 
from those who reduce the expeuse of carriage below all others by barge-fleets to the 
navigators in single freight and passenger steamers. Your memorialists refer to this, 
confident that its title to support will at rest the attention of unprejudiced inquirers. 

BRIDGES THAt INTERFERE WITH THE NAVIGATION. 

The injurious effects of the bridges spanning the Ohio, in consequence of their nar¬ 
row water-ways, are also exhibited in a proper light, and deniaud the attention of the 
high authorities in whose hands the remedy for grievances is placed. This whole sub¬ 
ject is discussed without favor or passion, the requirements of the navigation are fairly 
stated, and the protection necessary to the prosperity of the river-commerce dUtiuctly 
urged. Among the serious obstacles in the way of the navigation created by the 
defective construction of bridges, there are two that are especially injurious, demand¬ 
ing the immediate interposition of Congress. These are the railroad-bridge at Steu¬ 
benville, and the wire bridge across the Monougahela in the Pittsburgh harbor. Par¬ 
ticular attention is called to both, which have too long been permitted to obstruct the 
commerce of the Ohio and inflict annual losses upon those engaged in carrying it on. 

RELIEF JUSTLY DUE TO CERTAIN CITIZENS. 


Add to these several matters the justice and propriety of re-imbursing the respective 
snms advanced by the transporters of Pittsburgh in 1869 to prevent the constructioa 
of the Parkersburg bridge on a plan that would have effectually stopped the naviga- 
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tiou of the river at that point, and yonr memorialists commit the several subjects 
embraced herein to the wisdom and discretion of yonr honorable body, trusting that 
the great transportation-interest in question will not be tampered with by mistaken 
legislation, or suffered to decline by indifference. Its inherent importance to all sec¬ 
tions and to all classes having become uuivt-rsally apparent, it canuot but receive the 
guarding care due to it from the Government. Your memorialists, therefore, respect¬ 
fully, but earnestly, pray for that remedial legislation which the nature of the requests 
and grievances herein set forth entitle them to ask of a just aud fair-dealing Govern¬ 
ment. And they will ever pray, &c. ' 

Joseph Walton, 
President Pittsburgh Coal Exchange. 

N. J. Bigley, 

President Pittsburgh Steamboatmen’s Association. 

To the honorable the Senate and House of Representatives 

of the United States, in Congress assembled. 


REPORT ON THE OHIO RIVER NAVIGATION BY THE COMMITTEE APPOINTED ON THAT 

SUBJECT AT THE JOINT MEETING OF THE COAL EXCHANGE AND THE STEAMBOAT- 

MEN’S ASSOCIATION, HELD FRIDAY, DECEMBER 10, 1875. 

Pittsburgh, December 23,1875. 

The central situation of the Ohio Valley, its great extent, uneqnaled productiveness, 
agricultural and mineral, with its noble system of navigable rivera, have occasioned 
its rapid settlement and marvelous social, and material progress. Its increase in 
wealth and population is without a parallel. Great cities, large manufactories, com¬ 
fortable hou ex, and an aunnal commerce of many hundred millions, attest a prevail¬ 
ing prosperity scarcely to be found elsewhere. 

It is not a century since this broad area, now occupied by millions of inhabitants 
blessed with all the elements of thrift, was clothed with the primitive forest, whose 
solitudes were only disturbed by the wandering savage. The lines which marked the 
course of civilized men in taking possession and occupying this fair part of creation 
weYe drawn by the navigable streams, which in their natural state offered to all men 
the essential benefits of free personal trausit, untaxed commerce, and easy exchanges 
of commodities. It is by the same iuflueuce that most of the large towns, not only in 
this valley, but elsewhere, are situated upon the margin of navigable waters, where 
they may possess the invaluable advantages of cheap transportation. 

introduction of railroads. 

Since the introduction of railroads, which dates back but a few years, the question 
has been raised whether they were not destined to entirely supersede internal naviga¬ 
tion. This has been determined by experience, which has proven beyond controversy 
that transportation by water is, and iu the nature of things is destined to coutinue, 
cheaper than by auy other conceivable means where uot obstructed by locks, dams, 
bridges, or any other artificial structures impeding the navigation and increasing the 
cost of transportation. A single example puts this in an unquestionable light. 


TOW-BOAT AND BARGE SYSTEM OF TRANSPORTATION. 

By the tow-boat and barge system, of suoh recent origin, which has matured to its 
present gigantic dimensions und*r the filtering hands of the Ohio River transporters, 
coal is carried from Pittsburgh to New Orleans, two thousand miles, for eighty ceuts 
per ton; less than half of one mill p~r mile, and le-s than one-twentieth the railroad* 
charges for the same service. By the same system a reduction has been made from 
seventy-five cents to twenty-five cents per huudred on ordiuary freight between Pitts¬ 
burgh and Saint Louis and New Orleans. 

THE SPHERE OF THE RAILROADS. 


Railroads, nevertheless, have a wide sphere of use fulness. Their trains move with 
celerity, they save time in the transit of persons and property, and hence they carry 
the more precious freights and monopolize personal travel. Their excellence in these 
departments of business has so diminished the demand for single passenger and freight 
steamers, that bnt few, indeed, of that description of boats now appear in our harbor, 
where formerly the shores were lined with them. 
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CHEAP TRANSPORTATION—IT8 IMPORTANCE. 


It is thus that the natural operation* of commerce, the general demands of trade and 
intercourse, and improvements in the methods of transportation have settled the 
qncstion as to the best means of deriving the greatest benefits from the generous river 
that has contributed so materially to the settlement and growth, not only of the Ohio 
basin, but of the entire vast valley of the Mississippi. The lowest-priced intercourse 
aud tlie cheapest circulation of commodities constitute one of the all-important eco¬ 
nomical achievements sought to be accomplished in the present day. The attention of 
the whole civilized world is drawn to the subject, aud our own wisest practical states¬ 
men are giving it their earnest cousideratiou. 

COMBINING TONNAGE IN FLEETS. 

In our river system of combining large fleets, moved and guided by single steamers, 
an unexampled advance has been made in this direction, and the successful demonstra¬ 
tions presented by them have proven conclusively that this system of transportatioo 
is the cheapest, and is the true oue, far belter thau any other, to utilize the Ohio nav¬ 
igation. 

CHEAPEST TRANSPORTATION IN THE WORLD. 

Havir g thus by a gradual progress from single steamers and unwieldy floating arks? 
whose freights were always necessarily high-priced, reached, through diligent perse" 
verance and large expenditures, the present perfected system by which the cheapen* 
transportiilion in the world is performed, it behooves the transporters to watch its in¬ 
terests aud protect it agaiust invasions and encroachments, as well as against tamper¬ 
ing experiments, however well meant. The experience of the transporters assures 
them of the true requirements of the navigation, aud of the necessity of holding intact 
all the advantages they now possess. 

GREAT THROUGH-LINES AND WAY-LINES. 

As the barge-fleets convoyed by tow-boats must, in the nature of things, constitute 
the great through-lines upon the navigation, all attempted improvements of the Ohio 
should be so contrived as to increase their safety and expedite their voyages. This is 
undoubtedly the true policy in the management of our attempted river improvements, 
and no. bing of a different character should be permitted to be done in behalf of single 
freight ami passenger steamboats, because from railroad competition their ocoupatioe 
in this quarter seems to be nearly gone, their business dwindled to comparative insig¬ 
nificance, aud their numbers diminished to a small fraction of their former multitude. 
This decadency leuves their future no better promise than the way-business between 
the towns and villages along the river shores, and the navigation of the streams flow¬ 
ing into the Ohio. 

NEW l’LAN FOR THE RIVER IMPROVEMENT. 

Many plans for improving the Ohio navigation have been proposed, but none of suf¬ 
ficient cousequence to justify serious notice except the one to consist of a series of locks 
and dams with adjustable or movable chutes, to which Colonel Merrill, the United 
States engineer in charge, has called attention and recommended as deserving an ex¬ 
perimental darn, with lock aud chute, to test ijbs practical operation and ascertain 
whether it is worthy of adoption. The commissioners appointed on the improvement 
of the Ohio, by several States bordering the river, have also recommended it to the same 
extent, and Congress last winter appropriated $100,000 for commencing the structure, 
to finish which is estimated to cost some $600,000 more. It isiutended that it shall be 
built sufficiently near Pittsburgh to raise .the water 6 feet in the harbor, and to hold it 
at that additional height at all times, bnt especially in dry seasons wh«m the river » 
low. This plan would require, according to the calculation of Colonel Merrill, forty- 
six similar dams and adjuncts, between Pittsburgh aud Cincinnati, together with fifty- 
two to Louisville, and sixty-eight to Cairo to complete the entire Ohio navigation. 

THE NEW PLAN CONSIDERED AND REJECTED. 


This scheme of so-called improvement, coming from such a respectable quarter and 
partially adopted by Congress, has naturally attracted much attention and employed 
the anxious thoughts of all interested iu the river-transportatiou business. The un- 
dersigued have canvassed it with studious ca»«, and with au earnest desire to arrive 
at impartial and just conclusions. After thus examining and weighing the subject, 
they are constrained, with all due respect and deference to the opinion of Colonel 
Merrill aud the corresponding one of the States’ commission, to express their unquali¬ 
fied dissent from the same, and their undoubting belief that this plan, if carried out, 
would utterly ruin and annihilate the entire towiog system now working so benefi- 
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cently upon the Ohio. They are led to this adverse conclusion by various experiences 
and observations growing out of their business as transporters. Some of these they 
respectfully submit. 

MONONGAHELA NAVIGATION. 


1. There are but 4 locks and dams on the Monongahela which the Ohio transporters 
have occasion to use; it costs 1 cent a bushel to pass coal through these, including 
lockage, which constitutes one-third thereof, which sum, be it remembered, is for pass¬ 
ing 60 miles only from Brownsville down to this city, while it costs no more to trans¬ 
port coal from Pittsburgh to Louisville, a distance of 600 miles, by the present towing 
system, notwithstanding the river between the two latter points is already obstructed 
by bridges, to a very serious extent, increasing the cost of transportation as well as 
the dangers of navigation. At the same rate it would cost 10} cents to pass 46 dams 
to Cincinnati; and to get through these, and the 6 additional proposed dams between 
Cincinnati and Louisville, making 52 locks in all, the cost would be 12} cents per 
bushel, or $3.37 per ton. It is scarcely necessary to add that the river commerce could 
not exist nuder such a heavy imposition. 

CHARGES TOO HIGH TO COMPETE WITH RAILROADS. 

2. The railroads on the banks of the Monongahela, as far as they extend, carry 
cheaper than the boats which ply the navigation, owing to the heavy charges of the 
latter. If these charges are necessary, they are a striking commentary against slack- 
water improvements; if they are not necessary, they should in strict justice and sound 
policy be reduced. But we assume them to be correct and as low as can be afforded, 
on account of the character and consequence of the gentlemen at the head of that im- 
rpovement. 

ITS LIABILITY TO ACCIDENTS. 

3. It is further worthy of note that scarcely a year passes without one or more of 
these dams getting out of order so as to hinder the navigation longer or shorter peri¬ 
ods. Apply this fact to the entire line to Cairo, to contain sixty-eight locks and dams, 
with complicated chutes, and how irresistible is the inference adverse to them. 

EFFECTS OF THE LOCK AT LOUISVILLE. 

4. The lock at Louisville affords another illustrative example. When the tows ar¬ 
rive there they have to await their turu, and it takes from one to two hours to make 
a single lockage of three boats, containing 2,000 tons of freight, or 60,000 bushels of 
coal. At a time of high water, usually very brief, when large shipments are made, 
there may be 50 tow-boats, with 500 barges and boats in tow at a time, crowding on 
with two or three hundred thousand tons of freight, compelling an average delay to 
the tows in consequence of this lock of from one to five days. During delays the heavy 
expenses of the entire fleet are going on, and it is thus that the loss of time occasions 
a large part of the expense of transportation. With the same conditions as at Louis¬ 
ville now, at 52 different dams between Pittsburgh and that city, the commerce now 
carried on by tow-boat fleets would be ruinously impeded, if not entirely blockaded. 

PURCHASED BY GOVERNMENT AND TOLLS REDUCED. 


This lock, let it be remembered, has been purchased by the Government and is 
worked by its agents. A toll of eight cents a ton on the tonuage of every passing 
craft, with an additional two cents upon steamers and model barges, is charged to keep 
the work in repair and pay the current expenses. Fiveoentsa too was' the first charge 
when the Government took possession, but being found inadequate to meet current 
expenses and repairs the present rates were established, which cost each tow-boat, with 
her tow, from $600 to $800 a single passage. Twentv-four men, besides four or five me¬ 
chanics, are required to manage the lock. Is it prooablq that the proposed new locks, 
chutes, and dams can be operated with fewer men or at a less expense? or that an equal 
charge will not be necessary at each dam ? for the whole force will have to be con¬ 
stantly on hand and under pay whether the chutes are up or not. But. suppose the 
necessary charge to be but one-half, or five cents per ton on the tonuage of all pass¬ 
ing craft, the passage at this rate through sixty eight locks would tax the towiug 
system of navigation upon the Ohio out of existence. 

MULTIPLICATION OF TOLLS. 

I 

A charge of eight cents per ton on the tonnage of descending or returning tows, 
though collected but one way, through 52 locks, would amount to $4.16 per ton to 
Louisville, or $3.68 per ton for 46 locks to Cincinnati, making 18 cents per hundred to 
Cincinnati, or about 20 cents to Louisville—this, too, on all ordinary merchandise and 
freights, for lockage alone amounts to nearly double the entire freight-charges made 
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at present, without conn ting the expense of frequent detentions and delays at the 
locks. 

Put both these expenses together and they would constitute a burden that would 
sink the whole river-transportation business. 

REMARKS ON THE MOVABLE CHUTK8. 


5. It is urged by some inexpert observers that in high water the chutes will be 
lowered and the tows will pass without hiuderance, thus insuring a cheap and unob¬ 
structed navigation. This might occur, more or less, in the downward p&s-age. Bat 
most of the difficulties and delays which embarrass the passage at Louisville would 
have to be encountered by the returning fleets, with or without freight, owing to the 
short duration of the Ohio floods. But even if the wa*er remained high, the npward- 
hound tow-boats, with their numerous attachments, could not stem the rnshingconeot 
through the chutes. This supposed high-water condition, however, would be of rare 
occurrence to the retaining fleets; usually they would find the chutes raised and the 
locks their only method of passing the dams, and a most tardy oue it would be whea 
from five hundred to one tuousaud boats aud barges were ou their return voyages, 
using the lock at every dam. 

UNDENIABLE FACTS AND INFERENCES. 

It is a fact, proven over and over again by experience, that tow-boats with their 
barges, coming up the river, find great difficulty in passing the existing bridges 
erected over the Ohio, by reason of the accelerated current occasioned by the abnt- 
ineuts and piers occnpying a portion of the water-room belonging to the normal current 
How much greater, therefore, must be the difficulty of the passage of the series of pro¬ 
posed adjustable ebutes or dams with the river clogged, as it mast be, by their W 
tresses, piers, locks, aud wicker-works f 

LIABILITY OK LOCKS TO GET OUT OF ORDER. 

And, then, there is not the remotest probability that all these locks would be in order 
at the same time. Indeed, the probabilities are that there would be no single moment 
when all of them would be ready for use, and when serious detentions wonld not 
arrest every passing craft. To substantiate this, we quote from General Weitzel’s late 
annual report upon the improvement of the navigation at the falls of the Ohio Hirer: 

“surplus fund. 

“ Under this head Captain Mackenzie says the following: 

“ 1 Accidents to gates and machinery are liable to occnr at any time, aud to provide 
for such a contingency, as well as put the boats, &c , in order and make repain,i 
surplus fund of $50,000 is required.’ 

“ I desire to add to this suggestion that it is one of the first importance. If atanj 
time a gate would give way, or the steamer or either of the dredges should give way, the 
canal would either immediately or in a few days become practically useless, aodtbe 
whole commerce of the western rivers wo«ld be paralyzed. It would be such a tern- 
bly serious affair that all chance of it occurring should be guarded against.” 

Dangers of destructive accideuts, which this experienced engineer regards as immi¬ 
nent and ever liable to happen to a single lock, are to be multiplied by sixty-eight, a 
case the proptsed river-improvement were carried through to Cairo, and would reqaire 
a proportionate surplus fund of over $3,000,000 always on hand for probable emergen¬ 
cies. Let it be borne in mind, too, that this required surplus fund is called foroatof 
the public Treasury and in addition to the tolls. 

DANGERS, ACCIDENT8, AND LOSSES OCCASIONED BY BRIDGES, AND CERTAIN TO ATTK5D 
CHANOINR DAMS IN THE OHIO. 


6. The rnnuing of the existing bridges across the Ohio is very analogous to what the 
running of the contemplated chutes would be. All these structures have to be passed 
by daylight owing to tbe lack of passage-space under them, and notwithstanding the 
utmost vigilance, a season rarely goes round without disasters by wrecks against the piera 
of some of them. The railroad-bridge at Cincinnati, though it has a channel-span of 
400 feet, has occasioned some heavy losses, whilstall the others have been more or less 
disastrous to tbe river-commerce. In the downward passage, (were the dams bnflt) 
when it is presumed the chutes would be depressed, the eleva ed objects to define their 
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locality would b** less conspicuous than those that indicate the situation of the bridge 
water-ways, and consequently the chutes would be more difficult to run than the bridges, 
the width of th^ passage-way being about the same, from the increased velocity of t he cur¬ 
rent by reason of the necessary contraction of the river by the construction of locks, 
piers, and abutments. From the most accurate observations that have been made, it 
is ascertained that the losses of loaded craft average two to each tow-boat every year, 
of an average value of at least $2,000 each, and these are mainly occasioned, directly or 
indirectly, by bridges, they being all serious obstructions, endangering the navigation 
and entailing these large losses upon the river business. The bridge at Steobenville is 
the worst and most damaging, its effects being felt in making up tows by the hurry it 
necessitates and the struggle required to pass it by daylight. Neither could adjustable 
chutes be ruu save by clear daylight, even in high water. Were iifty-two of these 
e»ected between this city and Louisville, the descent of the tows would be compulsory 
daylight voyages exclusively, and these liable to be interrupted by fogs and mists, or by 
anything else that dims and darkens the atmosphere. 


PROPOSED EXPERIMENTAL DAM. 


7. The proposed experimental dam, before referred to, has been regarded favorably 
by many of our citizens, under the impression that the deepened water, by facilitating 
the removal of ponderous articles from place to place about the harbor, would do away * 
with the more costly land-carriage on wagons, carts, and drays now in vogue. This, 
however, would be but a secondary result, should the test prove satisfactory. To as¬ 
certain whether the test will so prove, ip the sole object of the Government. The sub¬ 
ject is an important one, and the large interest of the transporters, representing a cap¬ 
ital of more than $20,000,000 invested in the transportationdmsiness upon the Ohio, has 
naturally induced the closest scrutiny on their part into all its bearings. A dam to 
subserve such a purpose, with the attachments of lock and adjustable or movable 
chute, must, altogether, compose an extensive, complicated structure, difficult to han¬ 
dle, and ever liable to get out of repair. The raising and lowering of the chute, pass¬ 
ing boats through the lo6ks, and suddenly drawing off the pool by breakage or for re¬ 
pairs, would necessarily occasion frequent fluctuations of the water-level in the harbor, 
vary and change the shore-lines, so as to render moorings along the shore unsafe, if not 
utterly untenable. 

If the water were retained dnring a cold winter, earlier freezing and later thawing 
in the motionltss pool would, to more or less extent, hinder business and consume time 
at the close and opening of the season ; and, further, the formation of thick ice would 
compose an almost itresistible element of destruction when joined by the massive 
broken gorges from the Allegheny and precipitated against the dam with the irresisti¬ 
ble momentum of a spring freshet. In such an event the sudden clearing out of the 
ice in the harbor would be likely to sweep away much of the water-craft, and do other 
serious damage. 

OTHER PROBABLE CONSEQUENCES OP SUCH A DAM. 

During low-water, at auy season, it would be exceedingly difficult to make an ad- 
justible chute sufficiently tight to keep the pool at its proper level. This would be an 
especial difficulty in dry summers and falls, and when the demand for water for lock¬ 
age is taken into account, it may be incontrovertibly pronounced utterly impractica¬ 
ble. But admit it to be otherwise, aud that the dam, lock, and chute could be made 
perfectly tight, so as to hold the water in the harbor six feet higher than its natural 
level, would it not in very dry seasons, when the volume of water from above is insuf¬ 
ficient to prodrce a purifying flow, become a foul, stagnant pool, poisoned by the city 
drainage and the nauseous discharges from Enumerable oil-refineries, diffusing sickly 
and fatal influences, and geuerating pestilent insects and noisome odors? 


OTHER DANGERS TO BE APPREHENDED FROM IT. 

Again, snppose such a dam with its complex accessories were erected, and were, from 
any cause, to get out of order in any of its parts, when a considerable portiou of the 
immense tonnage of Pittsburgh were quietly moored or riding at anchor in the harbor, 
some loaded for the downward voyage and some waiting for freight; and then, at such 
a moment, by an unavoidable necessity, a giving way in some part of the structure, a 
derangement iu the operation of the chute or lock, the water raised by the dam were 
to be suddenly drawn off. As no time would be left to seek security or to change posi¬ 
tion, what, would inevitably happen ? Would not a large portiou of this valuable craft— 
steamers, barges,and boats—be stranded high and dry, resting upon an uneven bottom, 
and rendered entirely worthless? This is no improbable supposition, for all slack- 
water dams are liable to frequent mishaps, and to conditions rendering tbe drainage 
of tbeir pools necessary. How much more liable to such disastrous mischances must a 
dam be when a comparatively frail and intricate chute constitutes that part of it 
where the most resisting strength is required ? 
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OTHER OBJECTION8 TO IT. 

Among the other numerous objections to this projected dam is the obstacle itwonld 
constitute in the way of returning tows, which do not usually ootne back until the 
river has subsided below the running level for heavily-laden boats. Then the chute 
would be raised and the lock would be the only passage-way left. Taking the Louis¬ 
ville lock as an example of the time necessarily consumed in locking through the river 
craft, what would be the effect of such a situation upon the returning fleets, consisting 
of a thousand boats and barges, (not an unlikely event, when it is remembered that the 
tonnage of Pittsburgh numbers more than three thousand such.) The whole mooring 
shores to Beaver would scarcely give too much room for them to wait their tarns. 
Then, when would they ever get back, were all the sixty-eight dams erected t 

THE DAM REGARDED AS UNWORTHY OF A TEST. 

The truth is, that on a careful review of this scheme, we cannot but reject it, nor do 
we regard its inherent value as presenting a question of sufficient gravity to justify 
any experimental outlay at all. That it would, if adopted, destroy the tow-boat aod 
barge system of transportation, is quite certain, and as heavy investments have been 
made in that system, and &9 it has been proveu to be by far the best system for secur¬ 
ing to the country the greatest; benefits that can be derived from the navigation of the 
Ohio, the committee are earnest in their recommendation that the proposed experi¬ 
mental dam be not erected. 

CAUTION AND NOT RASHNK8S THE SAFE8T. 

In this connection the committee cannot forbear characterizing the entrance upon a 
new project of river-improvement, involving an oatlay of many millions, on irrelevaart 
experiences in France, as precipitate and imprudent. There can be no resembiases 
There cau be no doubt but extreme contrasts betweeu the little placid rivers of France, 
where these movable dams, on a small scale, are in use, and the Ohio, subject to over¬ 
whelming floods, discharging delnges from a surface larger than all France, drifting 
downward from its headwaters, amid unbrokeu forests, gigantic trees and woodland 
wrecks, all surging on its turbid current with fearful swiftness and portentous force. 
When the massive be of a cold winter breaks and unites with these they form a terrific 
combination of devastating elements not to be found in the temperate clime and on the 
denuded surface of Frauce. 


SOME OK THE EVIL CONSEQUENCES IF THE 8Y8TEM WERE ADOPTED ON THE OHIO. 

Before anything can be done toward the construction of these movable chutes, aa 
immense crib, or coffer-dam, 500 feet long, must be erected across the natural channel 
of riie river of sufficient dimensions to inclose all the space needed, and within which 
the movable dam and its foundations are to be constructed. It is quite apparent that 
sneb solid and extensive works, thus placed, would absolutely blockade the river a 
great, portion of the time, and inevitably occasion fatal accidents when its naviga¬ 
tion was practicable. It will be necessary, we learn from the engineer, for these block¬ 
ading cribs to remain in the way at least two years; the time estimated as needed for 
the work to be done in them. Without arrogance or disrespect, it may be asked, what 
right has the Government, for any purpose whatsoever, to so obstruct and impair a great 
commercial highway, established by the Creator for the free use of all rnen f Numer¬ 
ous and heavy would be the losses from such works, and the claimants for damages 
could press their demands ou irrefragable grounds of right and justice. 


WHY IT WILL NOT DO BETWEEN LOUISVILLE AND CAIRO. 

The engineer in charge admits there is a doubt of the practicability of this system 
in the Ohio between Louisville and Cairo. This is occasioned by the sedimentary sands 
abounding there, which are liable to be moved aud redeposited during the river fresh¬ 
ets, forming new bars and shoals, and making frequent variations of the channel. By 
these natural changes in the river bottom, established chutes would be ever liable to 
be closed, or to be too much choked and clogged for use. Without the sixteen dams 
between Louisville and Cairo, how could the fifty-two between Louisville and Pitts¬ 
burgh be made useful for the entire river-navigation? Provided this new plan of slack- 
water were all that is claimed for it, it would, in this case, be fatally cut off and 
severed from the Mississippi by a fearful gap of near 400 miles. 

THE ONLY REALLY USEFUL IMPROVEMENTS. 


In conclusion, the commit tee are of the opinion, from the best lights that have been 
shed upon the subject, aud from all the experience that has been gaiued in the prac- 
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tical operation of the tow-boat system since its beginning, that the best method of 
improving the Ohio River wonld be to keep it nearly in its unobstructed normal con¬ 
dition ; to remove wrecks, snags, and other obstructions; to place wing-dams where 
the waters spread too much. and. at the head of some of the islands, to turn the water 
and increase its depth on the channel side ; to require channel-spans of five hundred 
feet length in all the bridges crossing the river, and to insist upon tbe immediate alter¬ 
ation to this length of the water-way under the bridge at Steubenville, pronounced by 
tbe United Stales engineers tbe worst one and the most serious ohstrnct on to naviga¬ 
tion now existing on the river; to recommend caption in the removal of bars at rip¬ 
ples, so as not to injure I he navigation by draining down the pools above; t-o take 
effectual measures at once to canse the immediate raising of the Monogahela wire- 
bridge, and putting iuto it a channel-span of five hundred feet in length and eighty feet 
in height above low water, so that that stiucture, which so outrages the rights of 
transporters, who have submitted too long to its damaging effects, may no longer 
remain a nuisance and iucessant injury to tbe harbor busiuess and the river commerce 

COMPARATIVE COST OF THE TWO PLANS. 

All these salutary things may be effected at a very small cost, compared with that of 
the projected sixty-eight dams with locks and adjustable chutes, the lowest estimate 
of the cost of which is from $40,000,000 to $60,000,000. In this manner, besides doing 
the best that can be doue to facilitate the movements of the great, floating tows, the 
navigation wonld also he improved for single boats, though it would not be altogether 
perennial. Tbe two interests, however, would be subserved as far as the incompati¬ 
bility of their requirements would permit, the most important needing the least 
expenditure. It would thus appear that, for the least expensive aid, the best would be 
done that can be to help onward the progress of the latest advancement in the way of 
cheapening the catriage of ponderous commodities to the places where they are most 
wanted to promote the prosperity and comfort of tbe p» ople inhabiting broad sections 
of onr great republic. 

THREE MERITORIOUS OBJECTS FOR APPROPRIATIONS. 

Before closing, tbe committee beg leave to suggest that less than one-half of the sum 
necessary to construct the proposed experimental dam, with its appurtenances, would 
be adequate to canse the removal of the two most serious obstructions to the river 
commerce now existing, and to snpply the means of performing a signal act of justice 
to individuals, by returning money advanced by them for the important purpose of 
warding eft' a fatal obstacle in the way of the Ohio trade, when about being placed in 
the river at Parkersburg. 

THE STEUBENVILLE BRIDGE. 

The first of the two obstructions referred to is the bridge at Steubenville, a most for¬ 
midable and unintermitting evil, besetting the business of the transporters with its mis- 
« bievous effects, at its very beginning, in the organization of its fleets, in their descent 
to it, in their passage through its cramped and inadequate water-way, and in their 
lteiug thrown out of time by it for the whole voyage, above it aud below it, subjecting 
them to vexations, dangers, delays, and losses. These objections, all serious and of 
unjust continuance, cry aloud tor speedy removal. The widening of the water-way 
under this bridge to 500 feet, so as to meet tbe requirements of ih« navigation, would 
aave an annual cost in embarrassments, delays, and wrecks occasioned by it, of not 
less than $200,000 a year, which would enure to the benefit of both consumers and pro- 
dneers. 

THE HARBOR WIRE-BRIDGE 

Crossing from Pittsburgh to Birmingham, is the second obstruction calling for im¬ 
mediate displacement and correction. The leading objections to this structure have 
been before referred to; they are of great magnitude, ana cannot be permitted longer to 
exist without the grossest disregard of violated rights aud ever-recurriug injuries, pub¬ 
lic aud private. It stands iu the midst of the harbor, where its narrow spans and low 
superstructure make it a perpetual obstruction to the free passing of water-craft, and 
in times of high floods so effectually cuts off water-communications above and below 
that not even the smallest boats can pass. Not a word can be said against the great 
necessity of relief growing out of this intolerable nuisance. These are both well-known 
evils, inflicting serious injuries, periodically, upon the large ascending and descending 
commerce of the Ohio; they are inexcusable nuisances, working hurt, inconvenience, 
aud damage, whose peremptory abatement is one of the first duties of onr constituted 
authorities. 

THE PARKERSBURG BRIDGE CASE. 

The case before alluded to, of money paid for the public good by individuals, is the 
last of the fitting subjects above named for Government appropriations. It occurred 
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in this wise: In 1869 an alvaoce was made to the BUthmre and Ohio Railroad Com¬ 
pany, by the transporters of Pittsburgh, to secnre a change in the Parkerebarg bridge, 
then in process of erection on a plan that would have utterly arrested the tow-boat 
navigation of the Ohio, and involved the Government iu a large expenditure for ita 
correction, as its defective plan was authorized by a bad law. This money, §31,536.67, 
when Congress was not sitting, and when no other remedy existed, was advanced in 
good faith, under the best legal advice, by the transporters; and as it prevented the 
stopping of an immense trade, and saved the Government from the charge of altering 
the bridge, the cash advance constitutes an indisputable claim for reimbursement, 
which it is unjust and iuexcusably negligent to withhold. 

These three meritorious objects can b i accomplished by appropriations amounting, 
altogether, to not more than one-half tbe sum that it w »uld probably cost to build,at 
the outlet of our harbor, the proposed experimental dam with its attachments. The 
committee therefore suggests that tbe propriety of makiug these appropriations ha 
questiou eminently deserving serions attention. 

The committee would lastly recomtnsnd to the considerati m of the river interest* 
the followi »g resolution passed by the National Board of Steam Navigation, at their 
late nieetiog in New York. It presents a subject of importance, requiring the action 
of our transporters: 

THE INDIANA CHUTE. 

Mr. Pink Varble, of Louisville, offered a resolution, which was read, as follows: 

“Revolted , That tbe executive committee be instructed by this board to use its iofla- 
ence in Congress ti secure au appropriation of $30,000 for the purpose of widening tbe 
channel at the head of the falls of the Ohio River, better known as the IudiauaChnte* 

All of which is respectfully submitted. 

Simpson Horner, 
Addison Lyslk, 

J. A. Blackmoke, 

J. M. SCHOONMAKKR, 

J. N. O’Neil, 

George T. Miller, 
Henry B. Hays, 

Committee, 


LETTER OP THE CHIEF OF ENGINEERS. 

Office of the Chief of Engineers, 

Washington, D . C., March 31, 1877. 

Sir: I havejust examined the report of the board upon the questions 
involved in the project of improvement of the Ohio liiver by movable 
dams. 

In the discussion of that project by yourself and by the board recently 
convened, there is one point which it seems to me should be more coin 
pletely disposed of. It has been presented to me twice, orally, by tbe 
agents of the coal companies. 

They state that although the value of coni annually transported 00 
the river from Pittsburgh is but $6,000,000, and the value of the whole 
trade of the river may be what you have stated, yet that the question 
of the improvement of the navigation of the river should not by any 
means depend solely on such figures. They present their view by 
stating substantially that the coal companies employ 107 steamers for 
their tows and probably 3,000 barges—that is, from 20 to 30 barges for 
each steamer-~-while the number of steamboats carrying freight and pas¬ 
sengers, and steam tow boats engaged in other transportation than 
coal on the river between Pittsburgh and Louisville, is but about the 
one-tenth part of this. That is, I uuderstand them to say that for every 
one steamboat or tow carrying other freight than coal that goes down 
or up the river between the poiuts to be improved, there are 10 coal 
tows passing. 
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Now, the reply to this involves in part a statement of the number and 
tonnage of steamboats and tows of other freight than coal passing over 
the part of the river to be improved. 

It may be that I have not exactly stated the position of these gentle¬ 
men, but that is the impression it has lett on me, and, at any rate, you 
will perceive, by what I have stated, the nature of the question iuvolved, 
and I desire a full presentation of it by you. 

Very respectfully, your obedient servant, 

A. A. Humphreys, 

Brig. Gen. and Chief of Engineers. 

Maj. Wm. E. Merrill, 

Corps of Engineers, U. 8. A. 

Note. —Copies of the foregoing letter furnished Col. Z. B. Tower and Lieut. Col. H. 
G. VV right, Corps of Engineers, for such remarks as they desired to make. 


LETTER OF LIEUTENANT COLONEL H. G. WRIGHT, CORPS OF ENGI¬ 
NEERS. 


Army Building, 
New York , April 6, 1877. 


General: I have the honor to acknowledge the receipt of the copy 
of your letter of the 31st ultimo to Maj. W. E. Merrill in regard to a 
certain point which you present, connected with the proposed applica¬ 
tion of the movable dam in the improvement of the Ohio River, and 
upon which you ask for further information. This letter is referred to 
me as a member of the Board which lately reported upon the subject, for 
such remarks as I may desire to make. 

This point has reference to the relative number of steamboats, barges, 
and boats used in the transportation of coal, and the number used for 
all other purposes on the river, upon which relative number the oppo¬ 
nents of the improvement seeiu to base their claim for determining the 
character of the improvement to be adopted. 

I presume that Major Merrill will be able to give a close approxima¬ 
tion to the uumber and tonnage of the steamers and barges used on the 
river, (a thing which it is impossible for me to procure here,) but it 
should be borne in mind that a comparison of this number of boats and 
tonnage as compared with the number of boats and tonnage employed 
in coal-transportation will afford no just measure of the relative interests 
of the two as regards the question of river improvement. 

The coal-fleets make comparatively few trips during the year—the 
dowuward ones being always on high stages of the river—and only 
the “barges” are brought back; while the “ boats” are sold with their 
cargoes, to be broken up for the lumber they contain. The other boats, 
on the contrary, are kept running, so long as the depth of water in the 
river is sufficient, as regular-line boats, carrying both freight and pas¬ 
sengers, or as boats for towing one or more “ barges,” in which the great 
bulk of the freight is transported. These “ barges” are always brought 
back (loaded if freights are to be had) for further service. The tech¬ 
nical “ boat,” which is simply a rectangular box, is used in coal-trans¬ 
portation only. It thus appears that one of these barges may carry, in 
tbe course of the year, au amount of freight many times exceeding in 
tonnage that which is carried by a coal-barge of equal size. A coal 


“ boat” carries but a single cargo. 
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I would further remark that the only point definitely determined upon 
relative to the 44 radical v improvement of the Ohio River is the con¬ 
struction of the movable dam, some five miles below Pittsburgh, fw 
which an appropriation has been made; and until it has been constructed 
and fully tested, it seems tome premature to discuss the question of 
the general improvement of the river by this means. Should it succeed, 
as the Board believed it would, the same principle can be applied to 
other parts of the river, if Congress shall decide to continue the im¬ 
provement. 

The trial of this dam will decide, in the only satisfactory way,the 
many objections that have been urged against its applicability to rivers 
like the Ohio; and if no other should be constructed, it will be useful in 
affording a commodious harbor at Pittsburgh during the low stages of 
the river, while presenting no serious obstacle to the navigatiou of the 
river in its high stages when the wickets will be down. 

Very respectfully, your obedient servant, 

H. G. Wright, 

Lt. Col. of Engineers , Bvt. Maj. OenL 
Brig. Gen. A. A. Humphreys, 

Chief of Engineers TJ. S. A. 


LETTER OF COLONEL Z. B. TOWER, CORPS OP ENGINEERS. 


New York, April 7, 1877. 

General : I have the honor to submit the following remarks in rela¬ 
tion to the special point raised by agents of coal companies at Pitts¬ 
burgh bearing reference to the report of the Engineer Board assembled 
at Cincinnati, February 20, upon the Ohio River improvement. This 
point is set forth in your letter of March 31, addressed to Maj. William 
E. Merrill, a copy of which has been sent to me for such statement in 
connection therewith as I may desire to make. 

The coal-transportatiou compauies, in their memorial drawn up to op 
pose the improvement of the Ohio River by a system of movable dams, 
argued solely in their own interests, as they viewed them. The Cincin¬ 
nati Board, of which I was a member, in replying to that memorial, 
stated approximately the value of the commerce on the Ohio Biver 
above Louisville other than that of coal to show what vast interests are 
connected with navigation on that river outside of Pittsburgh. Without 
intending to measure the relative influence of these two classes of trans¬ 
portation, the Board desired to say emphatically that the coal-trans¬ 
porting compauies are not entitled to determine how the Ohio Biver 
should be improved. 

It may not be fair to measure different transportation interests on the 
river by the cash-value of the material moved, neither would the num¬ 
ber of barges used in any iuterest be the just measure of its importance. 
At any rate, the first essential in this matter is to get at the facts. H 
we are to use statistics as au argumeut, they must be clearly set forth. 

One might infer from the statements of the coal agents that the com¬ 
panies employed ten times as many steamers and teu times as many 
barges as are employed in all other commerce on the river above Lonis- 
ville. If this be true, there are no more than eleven steamers engaged 
upon the river beside the coal boats. The question arises, how many of 
these 107 steamers are employed exclusively on the Ohio between Pitta- 
burgh and Louisville 7 How many pass above the former city or below 
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the latter! It would be well, therefore, to obtain, if possible, the num¬ 
ber of passages made between Pittsburgh and Louisville, or, what is 
better, the number of miles run between these cities by all the Pittsburgh 
coal-steamers aud by all loaded barges; also, to ascertain the tonnage 
and value of these steamboats and barges. The same data in reference 
to steamers and barges doing all other commerce of the river between 
the same cities should be ascertained as well as it can be. It is my un¬ 
derstanding that the coal steamers and barges are employed but a lim¬ 
ited portion of the year, and that, were the river navigable at all times, 
a much smaller number would do the work now done by the larger. 
There are quite a large number of coal-boats that make but one trip 
down the river, never to return. I presume Major Merrill can determine 
or procure the above data approximately, and show the true ratio of 
the coal-navigation interests to that of all other commerce measured by 
the coal agents 1 standard. I have little doubt that it will appear, under 
his analysis, more favorable to general commerce than would be natu¬ 
rally inferred from their way of setting it forth. 

But in this connection it is not to be forgotten that the river is for the 
benefit of all those who dwell upon its banks, and not for those alone of 
auy special locality; and further, that the interests of the consumer and 
producer are quite as important as those of the carrier. 

A combination to use a highway in a certaiu manner for the trans¬ 
portation of one kind of produce, may result in a money value to those 
making the combination by destroying competition in reference to that 
material, while the consumer and producer might suffer from such com¬ 
bination. At any rate all other interests would probably suffer if the 
highway were to be kept in such condition that it could only be used at 
intervals. 

Though I do not intend to express any opinion as to the propriety of 
the improvement of the Ohio Kiver by locks and movable darns, I am 
inclined to believe that were it accomplished and in every way an emi¬ 
nent practical success in the working, that all interests would be bene¬ 
fited thereby, not excepting the coal interests. 

Very respectfully, your obedient servant, 

Z. B. Tower, 

Colonel of Engineers , Bvt. Moj. General . 

Brig. Gen. A. A. Humphreys, 

Chief of Engineers U. 8. A. 


LETTERS OF MAJOR WILLIAM E. MERRILL, CORPS OF ENGINEERS. 


1 . 

United States Engineer Office, 

Cincinnati , Ohio, April 12, 1877. 

General : In reply to your letter of the 31st ultimo, calling for a 
statement of the relative importance of the coal-towing interest on the 
Ohio Eiver as compared with the general river commerce, I have the 
honor to submit the following: 

The only official document within my knowledge that throws any light 
on this matter is the annual report of the board of supervising inspect¬ 
ors of steam-vessels. The latest edition is that of 1876, and it is from 
thia edition that I quote. The report is printed at the Government 
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Printing Office, and a copy can doubtless be obtained for the use of youi 
office by application to the Secretary of the Treasury. 

The Revised Statutes of the United States (sections 4417 and 4418) 
require annual inspections of the hulls and boilers of all steamboats. 
These inspections are made wherever a boat may happen to be at the 
end of the year, although, as a general rule, they are made at her home 
port. Steamboat-inspectors are officers of the Treasury Department, 
and they report annually to their supervising inspectors, giving the 
name, tonnage, and the date and place of construction of each boat in¬ 
spected. By compiling these lists it is therefore practicable to get the 
name and tonnage of every American steamboat. 

On the Mississippi and its tributaries there are the following inspec¬ 
tion-districts : 

On the Ohio. 


Pittsburgh, Cincinnati, Evansville, Wheeling, Louisville. 


Nashville. 


On the Cumberland . 
On the Mississippi. 


Galena, Memphis, Saint Louis, New Orleans. 

In the inspection lists steamboats are divided into four classes, vii: 
passeuger, ferry, towing, and freight steamboats. Under the head of 
towing-steamboats are included those that tow coal, iron, salt, and raft*, 
and also all harbor jobbing boats, and boats that dredge up gravel for 
market. 

The following table gives a summary of the steamboats that were reg¬ 
istered at Ohio River ports during the year 1875 : 


Port*. 

! 

s 

1 1 

! 

I 

Tow-boats. 

i 

a 

| 

% 

jtf 

"c 

£ 

Over 
100 tons. 

Under 
100 tons. 

Dredges. 

Pittsburg. 

24 

! 10 

94 

16 

4 

1 

Whittling _____ 

47 

! 23 1 

19 

19 


1 

Cincinnati. 

57 

1 16 1 

21 

3 

1 

3 

Louisville. 

27 

; 12 

7 

8 


5 

Evansville.... 

22 

1 6 

6 

16 


3 



1 

l 




Total. 

177 

67 j 

147 

66 

5 

15 


In the above table the tow-boats have been divided into two classes, 
according as they are over or under 100 tons burden, the object being 
to show approximately the number of Monongahelaor “pool” tow-boats, 
which, though Registered at Pittsburgh, are not Ohio River tow-boats. 
The table shows them to be about 18 in number. The 94 large 
tow-boats registered at Pittsburgh are not all coal-towing boats, al¬ 
though I have no data at haud to enable me to distinguish those which 
are regularly eugaged in towing coal from those which are not. On the 
other hand, many boats regularly engaged in the coal-trade were absent 
from Pittsburgh when the annual inspection was made, and, therefore, 
were registered at other ports. No one not thoroughly familiar with 
the details of the coal-towing trade would be able to select the Ohio 
River coal-towing boats that belong to Pittsburgh from among a the great 
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Dumber of tow-boats registered at the various western ports of inspection. 
I believe, however, that the figures presented by the friends of the coal- 
trade (107 coal-tow-boats belonging to Pittsburgh alone) are correct; 
but I think that in this 107, the 18 (more or less) u pool v tow-boats that 
properly belong to the Monongahela, aud which would never, except in 
case of some great emergency, pass the Ohio River locks, have been in¬ 
cluded. 

The number of passenger-boats shown in the table I consider a fair 
statement of the Ohio River commerce, except as to the port of Pitts¬ 
burgh. Five of those registered at this port are regular Monongahela 
packets, and of 9 others just built the majority were probably designed 
to ply on distant rivers. On the other hand, there are a number of boats 
running between Cincinnati or Louisville and southern ports that were 
registered at Memphis, Saint Louis, and New Orleans. The two classes 
will about balance, and we may, therefore, assume that the Ohio River 
passenger-trade is fairly presented. 

Including the Kanawha coal-tow-boats and those that tow coal from 
points on the Ohio below Pittsburgh, I thiuk that it would be fair to 
put the number of Ohio River coal-tow-boats at 150. This being granted, 
we find that the sum of the passenger-packets (177) and of the freight- 
steamboats (15) exceeds the sum of the coal-tow-boats by 42. 

It is, therefore, evident that the statement made by the agents of the 
coal companies that “ the number of steamboats carrying freight and 
passengers and steam tow-boats engaged in other transportation than 
coal between Pittsburgh aud Louisville is but about one-tenth part of 
this,” (the coal-trade,) is not substantiated by the actual facts in the 
case. 

As the name, place, date of construction, and tonnage of every steam¬ 
boat on the western waters is given in the report of the Board of Super¬ 
vising Inspectors, which is a regular official publication of the United 
States, I do not see how the conclusions drawn from it can be success¬ 
fully assailed. 

Respectfully, your obedient servant, 

Wm. E. Merrill, 

Major of Engineers. 

Brig. Gen. A. A. Humphreys, 

Chief of Engineers, U. S. A. 


2 . 


United States Engineer Office, 

Cincinnati , Ohio , April 14,1877. 

General : I have the honor to inclose herewith a slip cut from the 
Pittsburgh Oommercial Gazette of the 13th instant, which is submitted 
in further reply to your letter of the 31st ultimo, calling for information 
relative to the commerce of the Ohio River. 

Respectfully, your obedient servant, 

Wm. E. Merrill, 

Major of Engineers. 


Brig. Gen. A. A. Humphreys, 

Chief of Engineers, U. 8. A. 
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IKCLOSCRB. 

We have heard a good deal said of late yean about steamboat!ng-—that- it was, to 
use a common phrase, about played out, particularly on this end of the Ohio River. It 
is freely admitted that money is not being made as rapidly and as easily as it was dur¬ 
ing the war, but we are satisfied that nearly all the boats making Pittsburgh their 
base of operations have been making a little during the past year or two, notwith¬ 
standing the general depression of business. It is also worthy of notice that we have 
more regnlar packets now than for several years past, and they are all doing a very 
fair business. The J. M. Kerr is making three trips per week to Wheeling, the Emma 
Graham regular weekly trips to Cincinnati, the Exchange ten-day trips to same point 
Granite State to Portsmouth, Carrie Brooks to Zanesville, and Salt Valley to Ironton, 
are making regular weekly trips, and the Express this week entered the Pittsburgh 
and Parkersburg trade, making two trips per week. Then, we have the John L. 
Rhoads, Gray’s line of three powerful tow-boats and barges, and the Whale and barges 
in the trade between here and Saint Louis, There are those who believe that four 
passenger and freight steamers, similar to the Rhoads, would fiud plenty of business 
in the Pittsburgh and Saint Lonis trade, one to leave here every week. Moreover, 
it is contended that a line of boats of the right kind could be maintained between here 
and Cincinnati. As noted in these columns the other day, -the owners of the Emms 
Graham have contracted for a new boat to be completed abont the 1st of July. It is 
also worthy of notice, as an encouraging sign of the times, that more new boats are under 
contract now, both here and elsewhere, if we mistake not, than for several years past 


3. 


United States Engineer Office, 

Cincinnati , Ohio , July 3, 1877. 

General : I have the honor to submit the following additional in¬ 
formation concerning the commerce of the Ohio River, which has been 
obtained in response to your letter of April 14. 

It is very difficult to obtain any exact statistics of Ohio River com¬ 
merce, as it is entirely inland, and therefore not subject to record in 
custom-houses. The only records that are kept are the voluntary ones 
of local chambers of commerce, which are compiled solely in order that 
merchants and shippers may keep posted as to the course of trade. 

On the Ohio River, there is one chamber of commerce at Cincinnati, 
one at Louisville, and, I think, oue at Evansville. There is an organi¬ 
zation at Pittsburgh, knowu as the Chamber of Commerce, having for its 
object the promotion of the general interests of the Pittsburgh merchants. 
!No statistics of river-commerce are, however, preserved by it. 

As I understand the object of this investigation to be the procure¬ 
ment of facts that may have a bearing on the construction of the pro¬ 
posed movable dam near Pittsburgh, I have limited myself to that pan 
of the Ohio River extending from Pittsburgh to Cincinnati, and inclnd- 
ing the latter city. 

At Cincinnati I obtained tbe following statistics from the Report of 
the Chamber of Commerce for the year ending August 31,1876: 

ARRIVALS DURING THE YEAR (NOT INCLUDING COAL-TOWS.) 


Regnlar packets. 2,720 

Transient steamboats. 38 

Tow-boats with tows (other than coal). 21 

Total. 2,772 


DEPARTURES DURING THE YEAR (NOT INCLUDING COAL-TOWS.) 

Regular packets. 

Other steamboats. 

Tow-boats with tows (other than coal) 


2,5ft? 



Total 
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Every steamboat (including coal tow-boats) and every “ model * barge 
(these barges do not carry coal) that arrived at Cincinnati during the 
year is recorded by name and tonnage. The list shows: 


Passenger and freight steamboats. 1 . 128 

Tow-boats, (the majority coal tow-boats). 110 

Ferry-boats. 4 

Government boats. 2 

Dredge-boat (private). 1 


Model barges 


245 

71 


Total. 316 

The ports of departure and destination of the steamers recorded above 
are only particularized in the cases of New Orleans, Pittsburgh, and St. 
Louis. The record shows that during the year, 89 steamboats arrived 
from Pittsburgh. 

The information for the ports above Cincinnati was sought by cor¬ 
respondence, but, after much loss of time and no substantial result, I 
finally sent my chief clerk, Mr. H. L. Smith, to Wheeling aud Pittsburgh 
to consult with the river editors of the newspapers, the wharf-masters, 
and others likely to be posted on river commerce, and see if anything 
reliable could be procured. 

The following table was compiled from information furnished by the 
wharf-masters of Pittsburgh and of Wheeling, and by Mr. Wm. Evans, 
river editor of the Pittsburgh Dispatch. The information about coal- 
tows was wholly furnished by the latter. 

The table only gives the departures from Pittsburgh, but it will be 
reasonably accurate to assume that the arrivals are equal to the de¬ 
partures. All of these boats and barges pass the site of the proposed 
movable dam at Davis Island. The information obtained at Wheeling 
was only used as a check on the accuracy of that obtained at Pittsburgh. 
There was uo important discrepancy between them. 


DEPARTURES FROM PITTSBURGH IN 1876. 


Freight and passenger steamboats: 

To Wheeling.. 60 

To Marietta. 26 

To Iron ton. 40 

To Portsmouth. 38 

To Cincinnati. 62 

To Louisville, and below. 42 

- 268 

Coal-tows: 

To Wheeling. 9 

To Parkersburg. 1 

To lrontou. 20 

To Cincinnati. 151 

To Louisville, and below. 176 

- 357 

Miscellaneous tows: 

To Huntington, (oil). 24 

To Mississippi River, (freight). 35 

- 59 

Total departures. 684 


Very respectfnlly, your obedient servant, 

Wm. E. Merrill, 

Major of Engineers. 

Brig. Gen. A. A. Humphreys, 

Chief of Engineers U. 8. A. 
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T 3- 

IMPROVEMENT OF THE MONONGAHELA RIVER. 

In my last annnal report I stated that an additional appropriation 
would be necessary to complete the lock and dam at Hoards Rocks. 
This appropriation was not made, and therefore I have to report all 
construction as stopped, and the work under charge of a watchman un¬ 
til such time as a new appropriation will permit its completion. 

The present condition of affairs is as follows : 

LOCK. 

The lock is completed, except the lift and miter walls, which were 
necessarily omitted until the dam was built, in order that the lock might 
serve as a waste-weir during construction of the dam, but the founda¬ 
tions of these have been built up to the level of the lower miter-sill. 
The timber for the lock-gates is all on hand and partly dressed. The 
iron-work for valves, gates, opening apparatus, &c., is also on hand, 
and ready to be put in place. 

DAM. 


The dam is of massive masonry, and its condition is as follows: 

A length of 106 linear feet has been completed. 

A length of 5 linear feet has been bnilt to the level of 29.50, lacking only 2 feet of be¬ 
ing full height. 

A length of 82 linear feet has been built to the level of 21.50, lacking 10 feet of being 
full height. 

A length of 52 linear feet has been bnilt to a height of 17.25, lacking 14£ feet of being 
foil height. 

A length of 80 feet has the foundation-course only; and 
A length of 75 feet is without masonry. 

The total length of the dam is 400 feet. The abutment is 60 feet long 
and 16 feet wide, aud is built up to a height of 2 feet above the crown 
of the dam. 

During the past fiscal year the following work has been done: 


Cubic T*rdi. 

Masonry laid. 3,3W 

Rock excavation. 240 

Earth excavation. 7tf) 

Stone boated to dam. 3,65 


Crib-work built above lock, 115 linear feet. 


The total amount of masonry yet to be laid in order to complete the 
work, is 3,2G6 cubic yards. 

The boating of stone ceased September 10; work at quarry and on 
gates ceased October 15; masonry-work ceased October 18; crib was 
finished November 30. 

The stone for the completion of the work, except a few special stones 
and some backing-stones, is quarried aud on hand at the site of the 
dam. 

The best proof of the solidity of the work is that it stood without the 
slightest damage the great ice-freshet of last January, which swept 
away nearly everything afloat in the Monongahela. A careful examina¬ 
tion during the low water of the March following, failed to show a single 
stoae moved, or even chipped. 

In my last annual report I gave the reasons why this work had cost 
more than the original estimate, which was in the main due to the in¬ 
crease in excavation for lock caused by the foundations, wheu uncovered) 
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proving defective, necessitating a removal from the site first chosen; by 
the extra cost for engineering and contingencies, due to the dilatoriness 
of the contractors, and by the necessity of building guard-walls above 
and below the lock, that were not anticipated in the original estimate. 

A carefnl re-estimate compels me to place the sum needed for comple¬ 
tion at $25,000 instead of $20,000, as reported last year. I would 
strongly urge the appropriation of at least this sum, as our work in its 
present condition, so far from being a benefit to the navigation of the 
Monongahela, is a serious hinderance. 

It is also important to begin as soon as possible the lock at Laurel 
Run, 2 miles below the mouth of the Cheat River. When this lock and 
dam is finished, (which is No. 8 of the series beginning at Pittsburgh,) 
the Monongahela Navigation Company will putin No. 7, and then there 
will be a complete slack-water navigation from Pittsburgh to Morgan¬ 
town, 102 miles. 

The lock at Laurel Run, with keeper’s house and all accessories, will 
cost about $115,000, the increase over the Hoard’s Rock lock being due 
to the greater depth and expense of foundations. I would not, how¬ 
ever, ask for this sum at one time, and therefore I only request $00,000, 
which is about as much as can be spent in one year. 

ESTIMATE. 


For completion of lock and dam at Hoard’s Rocks.$25,000 

For lock at Laurel Run. 60,000 

Total.. 85,000 


Money statement . 


July 1, 1876, amount available. $37,814 61 

July 1, 1877, amount expended during fiscal year. 37,295 07 


July 1,1877, amount available.-. 619 54 


Amount (estimated) required for completion of existing project. 214,000 00 

Amount that can be profitably expended in fiscal year ending Jane 30, 

1879 ... 85,000 00 


T 4 . 

IMPROVEMENT OF THE LITTLE KANAWHA RIVER. 


The act of Congress approved August 14,1876, contained the follow¬ 
ing iteta: 


For the removal of Beaver and Nailor Bend Rocks, and for cleaning out snags 
and fallen trees in the Little Kanawha, West Virginia, seven thousand three hundred 
dollars. 


This appropriation was made available on the 1st of May, 1877. 

With the approval of the Chief of Engineers it was decided to con¬ 
tract for the removal of the two rocks, but to do the rest of the work 
by hired labor under the supervision of an engiueer in the service of the 
Government. 

Bids for removing the rocks are to be opened on the 31st of the 
present month, (July.) If the contractors comply with the specifications, 
both rocks will he removed by the 15th of September. 

Mr. James E. Bell, assistant engineer, was put in charge of the work 
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of removing obstructions, with orders to begin at Bullfcown and work 
down stream. He left Cincinnati for the Little Kanawha on the 11th 
©f June. 

Up to the close of the fiscal year improvements had been made at 
Buffalo Shoals and at William Stark’s Island. Trees, rocks, and snags 
had also been removed from the banks and bed of the river at varioas 
places. 

The following is a summary of the work done to June 30: 


Cubic yards of rock removed...220 

Cubic yards of gravel aud sand removed.450 

Number of trees removed. 52 

Number of snags removed. 29 

Cords of drift removed. 6 

Acres of land grubbed. 2 


In obedience to instructions from the Chief of Engineers, conveyed by 
indorsement, dated July 2, on letter of Hon. Benjamin Wilson to Secre¬ 
tary of War, requesting that I include in my annual report such statis¬ 
tics as may be obtainable of the commerce of the Little Kanawha, I an¬ 
nex the following letter from Mr. L. B. Dellicker, superintendent of the 
Little Kanawha Navigation Company, which company has established 
slack-water from Parkersburg to Spriug Creek, a distance of 43 miles, 
by means of four locks and dams. 


Office Little Kanawha Navigation Company, 

Farkcrtburg, IT. Fa., July 6, 1877. 

Dear Sir : Yours of the 5th is received. The year ending March 1, 1877, was the 
first of the successful operation of our works. During that year we passed 388 Tafts of 
logs, containing 696,000 cubic feet, worth at this point about 10 cents per foot, eqnsl 


to. $69,600 00 

1,162,900 feet of sawed lumber, at $20 per M. 23,258 00 

3,406,200 staves for oil-barrels, at $16 per M. 54,499 20 

57,749 railroad-ties, at 60 cents each . 34,649 40 

343.000 hoop-poles, at $8 per M. 2,744 00 

45,050 cubic feet of ship-timber, at 20 cents per foot... 9,010 00 


Value of timber products.... 193,760 60 

In addition to the above, 12,268 barrels of oil were shipped out, worth at this point 
about $3 per barrel, $36,804. The rafts, oil-barrels, staves, and oil were principjdly 
manufactured at this place. The sawed lumber was shipped to New York* Pittsburgh, 
Cincinnati, and other points west; the railroad-ties to the Pennsylvania, Cleveland 
and Pittsburgh, Cincinnati Southern, and other railroads of the West. I have myself 
seeu them in the track of the Camden and Amboy Railroad in New Jersey. The ship- 
timber was shipped from this place via Baltimore to.England. 

For the first three mouths of this year the shipments of the various kinds of lumber 
are fully double that of the same time reported above. There are not less than 400 log- 
rafts now in the river and its tributaries awaiting a rise to get to the slack-water. 
Contracts for over 100,000 feet of ship-timber were made this spring for shipment to 
England, but owing to the low water the contractors were nnahle to get the timber to 
slack-water until too late for shipment this spring. 

Yours, &c., 

L. B. Dellicker, 
Supt. L. K. N. Co. 

Col. Wm. E. Merrill. 


It will be seen from the above that some of the timber grown on the 
Little Kanawha is exported to Europe, which is also the case with a por¬ 
tion of the petroleum produced. 

The further work required on the Little Kanawha is to assist as far 
as possible the existing rafting and boating interests by continuing the 
present work of removing obstructions from the main river and the Wort 
Fork, and the construction of additional locks and dams for the gradual 
extension op stream of the existing slack-water. 
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For the removal of obstructions 1 would ask for $5,000. The nature 
of the work is such that no exact estimate of the amount required for 
this purpose can be made. Should the sum herein named prove more 
* than is absolutely necessary, the surplus may be applied toward building 
a lock and dam for the radical improvement of the river. 

In my report of January 9,1875, on the survey of the Little Kanawha 
River, (Report of Chief of Engineers, 1875, part 1, page 740,) I estimated 
the cost of a lock 143 feet by 23 feet, with 12£ feet lift, on a rock foun¬ 
dation, at $40,000. This was a general estimate, and not based on any 
particular location. I would recommend the appropriation of this sum, 
as it cannot differ much from the true cost, and no more accurate esti¬ 
mate can be made until a definite location is determined upon and the 
site minutely examined. I therefore submit the following 

ESTIMATE FOR FISCAL YEAR 1878-79. 


For removing obstructions, (any balance unused to go to the look).$5,000 00 

For one lock... 40,000 00 

Total amount required. 45,000 00 


Money Statement . 

Amount appropriated by act approved August 14, 1876.$7,300 00 

July 1, 1877, outstanding liabilities. 550 00 

July 1,1877, amount available..... 6,750 00 


Amount (estimated) required for completion of existing project. 

Amount that can be profitably expended in fiscal year ending June 30, 1879. 45,000 00 
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ANNUAL REPORT OF MAJOR JARED A. SMITH, CORPS OF 
ENGINEERS, FOR THE FISCAL YEAR ENDING JUNE 30, 
1877. 

United States Engineer Office, 

Indianapolis , Ind ., July 12, 1877. 

General : Herewith I transmit my report of operations for improv¬ 
ing Wabash River, Ind., for the tiscal year ending June 30,1877. 

Very respectfully, your obedient servant, 

Jared A. Smith, % 

Major of Engineers . 

Brig. Gen. A. A. Humphreys, 

Chief of Engineers U. 8. A. 


IMPROVING WABASH RIVER, INDIANA. 


This work was in charge of Maj. William E. Merrill, Corps of En¬ 
gineers, uiitil Jan. 22,1877 ) on and after that date in charge of Maj. Jared 
A. Smith, Corps of Engineers. Mr. Fr. Stein has been employed as an 
assistant engineer through the year. 

On the 1st of July, 1870, the following contracts were outstanding: 


No. 


1 

2 


Work. 


Dam acroaa cut-off at New Harmony .. 
Rock-excavation at Warwick’s Ripple, 


Contractors. 


J. M. <fe R. B. Kerr. 
M. W. Nolan. 


DAM ACROSS NEW HARMONY CUT-OFF. 


During the entire summer and autumn months the water continued at 
an unusually high stage. Iu the mouth of July, when low-water is 
usually expected, a height of more than 14 feet was reached. The low¬ 
est point attained duriug the entire year was about 1£ feet above usual 
low-water, and that was for a few days only. 

. The contractors were much embarrassed by constantly losing portions 
of their work, and the washing of banks was every day rendering the 
construction more difficult. 

The months of July and August were consumed in repairing injuries, 
and in September and October the cribs were extended across the cut¬ 
off. 

On the 1st and 2d of November a flood occurred, which swept away 
a portion of the completed crib-work, and so much discouraged the con¬ 
tractors that they refused to proceed further with the work, unless re¬ 
imbursed for losses past, and secured from damages by floods in future. 
On this account, and owing to imperative necessity for completing the 
work before further destruction could follow, the contract of Messrs. 
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J. M. & R. B. Kerr was formally annulled, and the work was carried for. 
ward by hired labor. Although unusual difficulties had been met, it is 
believed that had the work been pushed forward with energy by the con¬ 
tractors, properly securing their work as they progressed, it might have 
been completed during the proper working-season, and thus afforded 
an opportunity for the embaukment of earth, shale, and stone, which 
rested against the cribs on the up-stream side, to settle into a com¬ 
pact mass before being subjected to the trials of high water and ice 
which occurred in the winter. , 

Duriug the month of November the water remained so high that the 
crib-work carried away could not be replaced; but in December it was 
again completed, and the ballasting, embankments, grading, and paving 
of banks were pushed forward as rapidly as possible, and the work was 
completed January 17, 1877. 

The work, as completed, consisted of a line of cribs 12 to 15 feet 
wide, according to depth, the top being 12.7 feet above the lowest parts 
of the bottom, and 6 feet above low water. Against the upper side was 
an embankment of earth aud stony material as high as the cribs, with 
a width on top of 10 feet, and a natural slope toward the water. 

One end of the dam rested against a bluff on a ledge of rock. The 
other end abutted the island bank of a sandy loam, which seemed to 
melt like a soluble material in contact with water. The bank of the 
island, both above and below the dam, a total distance of 350 feet, was 
graded to a slope of 1 on 2,.aud carefully paved above water, the part 
below water beiug protected by a heavy riprap of stone thrown in, and 
of course assuming a natural slope. 

About a week after the dam was finished a considerable rise occurred 
in the river, which overflowed the dam and caused some trifling iiyuritt, 
which were at once repaired. 

Early in February the river again rose, and this time overflowed the 
new dam to a depth of nearly 5 feet, carrying over heavy ice and snags. 
In a short time a break occurred in the island bank which could not be 
checked, and it resulted in a channel nearly 200 feet in width around 
the end of the dam. This unfortunate result necessarily changed much 
of the subsequent work of improvement. 

The channel which this dam is designed to improve comprises a very 
large part of the difficult low-water navigation between Mount Carmel 
and the river’s mouth. 

During the short period in which the cut-off was effectually closed, the 
increased volume of water in the main channel had done excellent serv¬ 
ice in removing the bars, and pilots reported a depth of 18 to 20 inches 
greater than before. 

In order to avoid, if possible, a similar accident in future, a study of 
the break was made, and in accordance with request of tbe Chief of 
Eogiueers a report explaining the causes was submitted under date of 
April 4, from which the following is an extract: 

* * The work was begun by contractors in September, 1875, and was oontiowd 
through November, when the high water prevented further work until September 
1876; meantime one or two breaks had occurred in the parts which had been done,aod 
as a consequence the island hank had been badly washed. 

In November, 1876, owing to the many difficulties attending the work, the contract* 
ors refused to proceed, and their contract was annulled. It was deemed necessary to 
complete the work in order to save what had been done, and it was therefore poshed 
forward by day’s labor. The stage of water and other oansee delayed the work, so tb*t 
it was not completed until Jannary 17, 1877, a considerable portion having been done 
in severest winter weather, and frozen earth, as a oooseqneoce, entered largely into tie 
embankment. The banks of the stream were also deeply frozen, as was the water of 
the stream itself. 
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Aa a protection to the island bank, it was paved for some distance above and below 
the dam, bat below the water-level only a loose riprap could be placed. 

* * It will be observed that the dam was constructed against and not into the 
hank ; and in this lay, perhaps, its greatest defect. 

A rise in the river to t foot above the level of the dam occurred immediately after 
the work was completed, and caused some slight damages which were repaired as soon 
as a foothold could be obtained. 

A second rise to about 5 feet above the dam followed a few days later, takirg the ice 
from the river, and at the same time the frost was rapidly leaving the earth and mak¬ 
ing it esptcially liable to wash. The water and ice falling over the dam on the island 
slope soou tore away the riprap, and the bank being of extremely loose material, the 
pavement and end of dam was undermined, letting out the stone of end crib. The 
washing away of adjacent earth-embankment, the tearing away of the projecting crib- 
work, and the catting into the island were the inevitable results. * * * 

In making designs for again stopping the flow of water every possible 
precaution has been taken to insure the stability both of the dam aud 
the island bank. 

The appropriation of $70,000, dated August 14,1876, for the improve¬ 
ment of the Wabash River, having been withheld from expenditure by 
executive order, the balance available for expenditure previous to May 
1, was very small. 

As the contract for rock excavation at Warwick’s Ripple was out¬ 
standing, and wonld, if completed according to its terms, consume the 
entire balance available to pay amounts which wonld become due the 
contractors, no definite steps for renewing work at New Harmony Cut off 
could be takeu. 

Early in May notice was received that the Secretary of War had au¬ 
thorized the expenditure of the appropriation of $70,000, and steps were 
at once taken to proceed with the work. 

The land which had been owned next the dam, on the island, by the 
United States had been entirely washed away. The owner of the 
island persistently refused to sell any of his lauds or material, or in any 
way permit their use in constructing the dam, unless the work was lo¬ 
cated at the head of the cut-off, which could uot be recommended on 
account of the largely-increased cost it would entail. 

As other points of importance were to be considered, a request was 
made for a Board of Engineers to decide the points in question. The 
Board of Engineers met in Indiauapolis, June 18, and proceeded to ex¬ 
amine the site of the work. After deliberation, it was decided to ap¬ 
prove the recommendation from this office, that the flow be stopped by 
prolonging the remaining part of dam across the break. 

The method proposed for securing the banks from injury was also 
essentially adopted. 

A small party was employed in May and June cutting logs and quar¬ 
rying stone in order that the material may be ready as soon as the river 
subsides sufficiently to pat the work in position. 

WARWICK’S RIPPLE. 


The contractor for rock-excavation at this place made no serious at¬ 
tempts to carry on the work, owing to the unfavorable stage of water, 
which would probably have caused considerable loss had he attempted 
work. For this reason the contract, which would otherwise have ex¬ 
pired December 1,1876, was extended until December 1, 1877. 

At this time the water still remains at an unusually high stage, and 
as no steps are being taken to carry on the work, it seems probable that 
the contract may fail. The work is not, however, regarded as impor¬ 
tant, and as no payments have been made, the Government will not be 
a loser. 
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LITTLE CHAIN. 

This is one of the most difficult points for low-water navigation, as a 
ledge of rock extends across the river for a considerable distance, at a 
place where there is a short bend in the river. To make the channel 
navigable at all stages of water, would be both difficult and expensive. 

During the last year, some work was done clearing away trees and 
snags, with reference to turning the curreut through the cut-off. The 
distance through the cut-off is a little shorter than by the main channel, 
but uow requires a very short turn to enter the head of it from the river. 
In fact, botore the recent operations, a considerable point of laud had 
formed above the head of the cut-off, so that the water for a short dis¬ 
tance nearly reversed the direction in which it had flowed before enter¬ 
ing. 

In December, after the dredges Ohio and Oswego, belonging to the 
Government, had completed their work on the Ohio River for the season, 
they were sent up to the Wabash River with the intention of opening 
the head of the cut off* before navigation should be closed by freezing. 
Before they reached their destination, however, the rivet* began freezing, 
and they were compelled to find a refuge in the mouth of the Little Wa¬ 
bash River, where they remained nutil the ice left the river, early in 
February, 1877. They were then towed to the head of Little Chain cat- 
off, and the work of dredging was begun. 

The river fell steadily during the mouth, and it was feared that if the 
dredges were detained too long, they might be kept there until later 
rises would permit their passing over the reef, and they were therefore 
returned to the Ohio River about the last of February. A further 
reasou for not continuing the work further at that time was, that the 
effects of the increased flow through the cut-off might be observed, as it 
was considered probable that a large portion of the cutting might be 
done by the water itself wbeu ouce well started. The dredges were in 
charge of Mr. E. J. Carpenter, assistant engineer. The steamer Ella 
Layman was employed to tow the dredges and scows. In order to turn 
the current as much as possible into the cut-off, the material dredged 
was dumped on the opposite shore of the river, and a short distance 
above. 

The following is a summary of the work accomplished: 


Cubic yards of earth excavated and removed.14,125.5 

Logs and snags dug out and removed.. 226 


Of these snags the largest was 45 feet long, and averaging 47 inches 
in diameter. Its estimated weight was about 16 tons. The others were 
of various sizes, weighiug from £ tou to 6 tons. 

The point at the head of the cut-off was dredged away so that a boat 
can enter by turning through somewhat less than a right angle. 

If dredges can be procured, it is proposed to continue work at the 
head, and also to remove snags, and dredge a few small bars in the cut¬ 
off. 

SURVEYS. 

No regular surveys were made during the year. Owing to certain 
points in question regarding boundaries of United States property at 
Grand Rapids, a re survey has been made. Examinations for special 
purposes have been made in New Harmony cut-off and Little Chain 
cat-off. 

In the office, maps have been completed from the field-notes of former 
surveys. 
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LOOK AND DAM AT GRAND RAPIDS. 

Plans for this work have received considerable attention, and most of 
the features have been designed. No work has, however, been com¬ 
menced, and it is not deemed advisable to begin this construction until 
it can be seen whether the necessary appropriations will be made. 

WATER GAUGES. 

Daily records of the stage of water have been kept at Vincennes, 
Mount Carmel, and the Grand Chain. 

The work proposed for the ensuing fiscal year consists in stopping the 
flow through New Harmony cut off, excavating at Warwick’s Ripple, com¬ 
pleting dredging and dikes at Grand Chain, turning current and chan¬ 
nel through Little Chain cut-off, and such other improvements as may, 
upon survey, be found necessary to improve the navigation below the 
Grand Rapids, and the commencement of work on th$ lock at Grand 
Rapids is probable. Special surveys are also contemplated. 

APPROPRIATIONS. 

The appropriation for the last fiscal year was $70,000. This being 
withheld from expenditure by executive order until the present working 
season, the amount remains available for expenditure during the ensuing 
year. 

ESTIMATE FOR 1878-1879. 

The following estimate has been submitted with the last two annual 
reports, and is repeated here, viz: 


For rebuilding Grand Rapids lock... $130,000 

For engineering and contingencies. 15,000 


Money statement. 

July 1, 1876, amount available.....$34,114 88 

Amount appropriated by act approved August 14, 1876... 70,000 00 

104,114 88 

July 1, 1877, amount expended during fiscal year. 18,435 27 

July 1,1877, amount available. .. 85,679 61 


Amount that can be profitably expended in fiscal year ending June 30,1879. 100,000 00 


APPENDIX. 


The portion of the river now being improved is comprised in the part 
forming the boundary between the States of Indiana and Illinois. 


The collection-district on the east side of the river is the first district of Indiana. 
The nearest port of entry is Evansville, Indiana. 

The amount of revenue collected at the nearest port of entry during the last fiscal 
year is— 

(No reply has been received to request for information.) 


The amount of commerce which will be benefited by improving the 
Wabash River, is entirely a matter of conjecture. 
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Below the Grand Rapids, near Monnt Carmel, and the month of the 
White River, there is a very large amount of produce and live stock, 
for which the only convenient outlet is by river navigation. 

It has thus far been impracticable to obtain exact statistics on the 
subject, but it is undoubtedly sufficient to make the improvements con¬ 
templated, below the Graud Rapids, of considerable importance. 

It is only in very high water that these rapids can be safely passed 
without the contemplated lock and dam. This reason alone would be 
sufficient to prevent any general traffic on the river above that point. 

The numerous railroads crossing the river, and others essentially par¬ 
allel to its course, must uecessarily compete with navigation for trans¬ 
porting productions, and, as the railroads are available at all seasons of 
the year, they will carry a large part of the freight. 

The Saint Louis and Southeastern Railroad crosses the river near the 
Grand Chain. The New Albany and Saint Louis Railroad crosses at 
Mount Carmel; the Ohio and Mississippi Railroad crosses at Vincennes. 
The latter point is also reached by the Indianapolis and Vincennes Rail¬ 
road, Evansville and Crawfordsville Railroad, and Cairo and Vinoennes 
Railroad; the two last-named being nearly parallel with the river. 

At Terre Haute the river is crossed by two or more railroads, while 
several others radiate from the same point. 

The river is four times crossed between Terre Haute and La Fayette, 
at which point several roads find a center. Above this poiut the ques¬ 
tion of navigation need not be considered. 

Some years since a canal extended from Lake Erie, at Toledo, to the 
Ohio River, at Evansville, following, for most of the distance, the valley 
of the Wabash River. During a number of years past the canal has 
been entirely abandoned, below La Fayette, and only serves a very small 
interest above that point. Its decline is probably due to the incnse 
of railroad facilities. 

About thirty years ago a lock and dam were built at the Graud Rapids, 
and although but few other improvements were made on the river, the 
tolls formed a source of large dividends to the navigation company. 
As many as 230 steamboats passed the lock in a single season, and large 
numbers were engaged in the traffic below the lock. 

Although the population and productions rapidly increased, the river 
commerce constantly declined, until the company owning the improve¬ 
ments, could no longer afford to keep them in repair; and the only thing 
which gave any value to the stock of the company was the lands they 
bad acquired. 

To ascertain, as far as possible, what amount of commerce will be 
benefited by constructing a lock and dam at the Grand Rapids, a circu¬ 
lar-letter was sent to various gentlemen known to be interested in the 
business of towns near the river. It was ascertained that at present 
there are only two small boats plying on the river above the Grand 
Rapids. A variety of opinions were received regarding the prospective 
commerce which would follow the improvement of the channels, some 
regarding the day of navigation on the river, to any general extent, as 
past, while others were equally sanguine that a large amount of navigar 
tion would arise to reap benefit from improving the river. 

The commerce of the river, above the Grand Rapids, is now too small 
to be worth considering. 

The markets at New Orleans and elsewhere, which formerly attracted 
the produce of this section, bate so changed that most of the freight 
now goes in other directions and by other channels. 

An increased depth of water in the mouth of the Mississippi River 
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may tend to re-open the markets, but it is doubtful whether the former 
shipments by the river can ever be fully resumed. 

In order to euable the United States to procure the lands necessary 
for any works of construction in improving rivers within or bordering 
on this State, the subject was brought to the attention of the State leg¬ 
islature. The following is a copy of an enactment approved March 5, 
1877: 


AN ACT to give the consent of the State of Indiana to the acquirement by the United States, either 
by purchase or condemnation, of lAnds within this State required for the improvement of the Ohio 
ana Wabash rivers, and to cede jurisdiction over the same. 

Section 1 . Be it enacted by the General Assembly of the State of Indiana , That the con¬ 
sent of the legislature of the State of Indiana be, and the same is hereby, given to the 
purchase by the Government of the United States, or under the authority of the same, 
of any tract, piece, or parcel of land, from any individual or individuals, bodies politic 
or corporate, on the banks of the Ohio or Wabash rivers within the limits of this State, 
for the purpose of erecting thereon locks, dams, abutments, lock-keepers* dwellings, or 
other structures which may be necessary in connection with the improvement or the 
said rivers; and all deeds, conveyances of title-papers for the same, shall be recorded, 
as in other cases, upon the land-records of the county in which the lands so conveyed 
may be ; the consent herein and hereby given being in accordance with the seventeenth 
clause of the eighth section of the first article of the Constitution of the United States, 
and with the acts of Congress in said cases made and provided. 

Sec. 2. Be it farther enacted, That in case of failure of the United States to agree 
with the owner or owners of any such lands as the United States may deem necessary 
for the purposes named in the first section of this act, within this State, it shall be 
lawful for the United States to apply for the condemnation of such land, not exceed¬ 
ing ten acres in any one place, by petition to any judge of a court of record of this 
State in or nearest to the county where the land may be situated, either in term time 
or vacation, notice of the time and place of such application having been first duly 
given by publication for thirty days prior to the day of such application in some 
newspaper of general circulation published in the county where the land lies, or if the 
owner or owners reside in the State of Indiana, by personal service upon the owner or 
owners of such land, at least twenty days prior to such application, and thereupon it 
shall be lawful for such judge to appoint three disinterested freeholders of the county, 
where such land lies, as commissioners, and having been first duly sworn to well and 
duly appraise the damages due the owner or owners of said land so proposed to be 
taken, shall report in writing such damages to the said judge, the amount of damages 
to be paid to the owner or owners of such land, which report, upon confirmation by 
said judge, shall be held final and binding upon such owner or owners, and upon the 
amount being paid to the owner or owners of said land, the title of said land shall vest 
in the United States, and exclusive jurisdiction and right of assessment and taxation 
is hereby ceded to the ynited States, over any lands acquired under the provisions of 
this act, and over the buildings or property thereon. 

8kc. 3. Be it further enacted, That this act shall not be construed in such manner as 
to debar or hinder the process of any court or judge of this State from running within 
the boundaries of the lands so acquired by the United States [or] over any part of 
such land for any longer time than the said lands shall be used for the purposes afore- 
said. 

Sec. 4. Whereas an emergency exists for the immediate taking effect of this act, 
therefore the same shall take effect and be in force on and after its passage. 

43 E 
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REPORTS ON TRANSPORTATION-ROUTES TO THE SEA- 

, BOARD. 


THIRD DIVISION OF THE CENTRAL TRANSPORTATION-ROUTE. 


United States Engineer Office, 

Baltimore , JIM., November 10,1876. 

General : Early in Jane, 1874, instructions were received from you, 
from which the following extract is made : 


The river and harbor act, approved June 23,1874, contains an appropriation for sur¬ 
veys and estimates for the improvements recommended by the Senate Committee on 
Transportation-Routes to the Seaboard upon four routes indicated in the report of said 
committee, to be expended in such manner as will secure the greatest amount of exact 
information for each of said,routes. 

The survey of that portion of the central route designated as “ a connection by canal, 
or a freight-railway, from the Ohio River or Kanahwa River, near Charleston, by the 
shortest and most practicable route through West Virginia, to tide-water in Virginia,” 
is assigned to you. 


A preliminary report was submitted January 13, 1875. Reports on 
the subject of the proposed freight-railway will be found therewith from 
Mr. H. D. Whitcomb and Mr. C. P. Manning. No additional informa¬ 
tion has been since procured as to the freight-railway. 

The surveys for the water-line were made in 1874, under the personal 
supervision of Lieut. Thomas Turtle, Corps of Engineers, and Mr. N. H. 
Hutton, assistant engineer. No reports from these gentlemen accom¬ 
panied the report of January 13,1875, for reasons therein stated. Since 
that time the preparation of maps, estimates, &c., has been carried on 
in connection with the current labors of this office. In these labors 
Lieutenant Maguire, Corps of Engineers, assisted Lieutenant Turtle 
most zealously until his detail to the staff of General Terry, for service 
in the Indian country. It is not considered necessary to introduce here 
the names of all the gentlemen who assisted so efficiently in the surveys 
and in the office, as they are placed upon the maps. 

Quite full reports from Lieutenant Turtle and Mr. Hutton are hereto 
appended, accompanied by estimates iu detail and illustrative maps and 
other drawings. These relate to the summit division, the Greenbrier 
division, and the New River division. 

A location for the long tunnel at the summit was made by Mr. Will¬ 
iam R. Huttou in 1870. When this subject was under consideration 
by the Board of Engineers of 1874, of which Bvt. Maj. Gen. J. G. Bar¬ 
nard, colonel of engineers, was president, he suggested the examination 
of a tunnel-line from Brush Creek to Howard’s Creek, or to the Green¬ 
brier River, for reasons stated bv him. Surveys of both these lines 
were made under Lieuteuaut Turtle’s immediate supervision. His inter¬ 
esting report aud maps indicate the details of the surveys and the re¬ 
sults. 

He discusses quite fully the cross-sectiou, interior arrangement, ven¬ 
tilation, &c., of the tunnel, the methods of towing by animal-power or 
by steam, the use of a chaiu or cable in towing, the kind of fuel, the 
passage of boats singly or in fleets, the elevation of the tunnel above 
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tide, the advantages of the several locations as to shafting, &c M the 
debouches, the rate of execution, the arrangements for feeding, &c. 

Surveys were also made, under Lieutenant Turtle’s supervision, down 
the Greenbrier River, resulting in locations and estimates for a slack- 
water navigation or an independent canal. 

The survey of the New River division was made under the personal 
direction of Mr. N. H. Hutton, with a view to a location and estimates 
for slack-water navigation, as well as for an independent canal. The 
shortening of the line by cut-off tunnels was also considered. 

For the cost of the enlargement of the James River Canal from Rich¬ 
mond to its present terminus, (Buchanau,) and its proposed extension 
thence to the mouth of Fork Run, according to the location of Mr. Lor¬ 
raine, reliance is still placed upon the estimates of Mr. W. G. Turpin, an 
abstract of which will be found in the report on the water-line of Jan 
uary 27,18el. The detailed estimates of Mr.Turpin are appended hereto. 

In the report of Jauuary 13, 1875, brief mention was made of the 
Great Kanawha River as a part of the central water-line. In March, 
1875, there was an appropriation by Congress of $300,000 for its im¬ 
provement, and a secoud one of $270,000, August 14,1876. A special 
report on that improvement, by the superintending engineer, dated April 
30, 1875, and a report of a Board of Engineers, dated May 25,1875, may 
be found in part 2 of the Annual Report of the Chief of Engineers for 
1875, beginning at page 89. 

The work contracted for under the appropriations mentioned above, 
is in pursuance of the plan of improvement recommended by the Board, 
viz, of large locks, with movable dams, from the mouth of the river to 
Paint Creek, and permanent dams at and above that point. 

A good map of the Kanawha has been in existence for some years, 
made by Mr. Byers, from his own surveys in 1856. Other examinations 
have been made of portions of the river, by Ellet, Gill, Lorraine, and 
others. In 1873 and 1874, special additional surveys were made by Mr. 
A. M. Scott, whose report is herewith, accompanied by estimates. A 
special report by Mr. William R. Hutton is also appended. 

The following is a summary of the estimates taken from the appended 
reports: 

’ Mr. Turpin’s estimate for enlarging the existing James River Canal as far 
as Buchanan, its present terminus, and for constructing extension thence 
to the month of Fork Run, according to the location of Mr. Lorraine, is. $14,781, O'* 1 


Deduct cost of lock and ship-lock at Richmond. 1,800, ft" 


Total from Richmond to east end summit division. 13,481, w 

Summit division, Lieutenant Turtle’s estimate. 1C,387,IM 1 

Anthony’s Creek reservoir, Lorraine’s estimate. 300, Of*) 


Total from Richmond to west end of summit division. 30,168, O' 1 ’ 

For the slack-water project, Greenbrier division, Lieutenant Turtle. 6,851,< M ‘ 

New River, Mr. Hutton.. 11,4*27,00* 

Removing bowlders in New River, Mr. Harris*. 960 , 0*0 

Kanawha division. 4,000, On) 


Total. 52,106,000 


* The total estimate of Mr. Harris for removing bowlders from the bed of 

New River is.$307,3*5 

From this, in order to know the proper sum to be added to Mr. Hutton’s 
slack-water estimate* must be deducted the amount estimated as necessary 
for clearing the river in places where the line is not located in the open ^ 
river. This amount is. 46,675 


960. M0 


Total 
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For tbe independent canal: 

From Richmond to west end of snmmit division, as before..'.$30,168,000 

Greenbrier division, Lieutenant Turtle. 4,765,000 

New River division, Mr. Hutton. 20,650,000 

Kanawha division. 4,000,000 


Total. . 59,583,000 

The estimates are very fall, and it may be confidently expected that 
the cost of the work, if executed, will be less than the estimate, if money 
be provided as fast as needed for economical progress.* 

Should this water line ever be opened, it would doubtless only be after 
a careful revision of the whole subject by a board of engineers. It seems 
superfluous, therefore, to do more now than put on record a few general 
statements. 

The careful surveys and estimates made since the report of the board 
of engineers, dated March 18,1874, prove the correctness of the opinion 
expressed in the following resolution, unanimously agreed to: 

Resolved , That, in the ODinion of this board, it is entirely practicable to connect the 
waters of the James and Ohio Rivers by a water-navigation of seven feet depth. 

It will be interesting also to recur to another resolution of the same 
board, which was agreed to by four of its five members: 

Resolved, That, in the opinion of this Board, the water-line by the James River and 
Kanawha ronte, with seven feet depth, may be completed in six years at a cost of not 
more than $60,000,000, allowing an unusually broad margin for contingencies which 
caunot be accurately measured. The cost may be reasonably expected to be within 
$55,000,000, and possibly will not exceed $50,000,000. 

The existence of the Chesapeake and Ohio Railroad has added greatly 
to the estimated cost of the water-line. The buildiug of another railroad 
along the New and Greenbrier Rivers would probably make the cost of 
the water-line so great as to be prohibitory of its construction. 

As attention has been directed to the line of the Chesapeake and 
Ohio Caual, as a proposed substitute for the central water-line by way 
of the James, Greenbrier, New, and Kauawha Rivers, it seemed proper 
to compare the two as to their respective features. Accordingly Lieu¬ 
tenant Turtle has, at my request, prepared a comparative statement, 
which is appended hereto. 

Objection having been made by some parties to the proposed improve¬ 
ment of the Ohio River by locks and dams, and the same having nearly 
as much pertinence to the similar improvements of the Great Kanawha 
River, a forcible reply thereto (devoid of professional technicalities and 
therefore suited to the people generally) is appended hereto, which ap¬ 
peared in the columns of the Pittsburgh Commercial. 

The original report of McNeil, of 1828, on the water line, must always 
be of great interest and value in the study of the subject of which it 
treats. As it is nearly unobtainable at present, a copy is appended to 
this report, in the hope that it may thus be put again in print. For the 
same reason are added copies of special reports on the Great Kanawha, 
by Mr. John A. Byers, dated February 1 and 10, 1868, and copies of re¬ 
ports in January and October, 1852, by Mr. E. Lorraine, on his survey 
of the summit-level. 

The United States having begun the improvement of the Great Kana¬ 
wha River by locks and dams, it should not be forgotten that certain rights 
and privileges have been granted, under the laws of Virginia and West 
Virginia, to a board or company, relative to the improvement of the 


* The details of the estimates are omitted, bat are to be found in the records of the 
Engineer Barean, with the maps and note-books relating to this subject. 
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Kanawha, the collection of tolls on navigation, &c. Copies of these 
laws, &c., as far as known to me, are herewith. 

In this connection, the enactment is suggested for application to the 
Kanawha of a law similar in its provisions to the act of Congress ap¬ 
proved March 3, 1875, “ to aid in the improvement of the Fox and Wis¬ 
consin Rivers in the State of Wisconsin,” of which a copy is herewith. 

Very much has been written concerning the central water-line. Those 
who wish to study the subject are advised to consult, iu addition to the 
papers appended hereto, the following, which are in print: 

1. Report dated January 27,1871, and attached papers; (see Ex. Doc. 
No. 110, House of Representatives, Forty-first Congress, third session;) 
also, printed in part in Anuual Report of Chief of Engineers, 1871, begin¬ 
ning afpage 024. 

2. Reports, dated December 12,1872, and April 11,1873. (See Annual 
Report of Chief of Engineers, 1873, beginning at page 828.) 

3. Report dated March 18, 1874. (See Annual Report of Chief of En¬ 
gineers, 1874, part 2, beginning at page 86.) 

4. Report of the select Committee on Transportation-Routes to the 
Seaboard, with appendix and evidence, being Senate Report 307, parts 
1,2, and 3, Forty-third Cougress, first session. 

5. From page 87 to 98, part 2, Annual Report of Chief of Engineers, 
1875. 

6. Report of January 13,1875, printed in Senate Ex. Doc. 19, part 2, 
Forty-third Congress, second session, and in the Annual Report of the 
Chief of Engineers for 1875, part 2, beginning at page 631. 

7. Ellet’s report on the Great Kanawha, 1858. 

8. Anuual Report of the Chief of Engineers for 1876. 

Repectfully submitted. 

Wm. P. Craighill, 

Major of Engineer*. 

Brig. Gen. A. A. Humphreys, 

Chief of Engineers, U. S. A. 


COMPARATIVE STATEMENT OF DISTANCES, ETC., RELATIVE TO THE CENTRAL WATER¬ 
LINE AND THE CHESAPEAKE AND OHIO CANAL, BY LIEUTENANT THOMAS TCBTLE. 

CORPS OF ENGINEERS. 

Baltimore, Md., August 16,1376. 

Major : According to your request, I submit the following comparative statement 
of distances, &c., relative to the central water-line and the Chesapeake and Ohio 
Caual. 

The horizontal distances are from the following authorities : 

Richmond to City Point.—Coast Survey map. 

City Point to Newport News. 

Newport News to Capes.' 

Newport News to Georgetown. 

Newport News to Baltimore. 

Georgetown to Baltimore. 

Point Pleasant to Richmond.—From the varions surveys and reports of the James 
River and Kanawha Canal; of the oentral water-line, and reports on the Kanawha. 

Pittsburgh to Georgetown.—Reports on Chesapeake and Ohio Canal. 

Pittsburgh to Cairo.—Reports on Ohio River. 

Cairo to Saint Paul.—Reports on Mississippi River, and report of Senate Committee 
on Transportation. 

Cleveland to Portsmouth.—From report of Senate Committee on Transportation. 


State map of Virginia. 
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APPENDIX V. 


679 


*I«nFO iraw ; ,* 

m n\x pat?t9A9io I ^ 

| ■ 

4ft ift 

l S 

1133.5 

927. 5 

1139.5 

1095. 5 

to 

aj • 

•ft • 

to • 

§ | 


2 


§ 


! c© 

o^o 1 WV»W g 

i 

0 to 

s i 

4ft Ift 

i 1 

4ft tO 

T $ 

s 55 

4ft 

•r 

S : 

8 j 


? 


8 


^ *A\. ‘»aaqlu93iJ«j 

1 3 
. 8 

1 

§ 

s 

to 

1 6 

4ft 4ft 

i § 

ift 0 

S 2' 

00 00 

•ft 

S j 

4ft I 

8 3 j 


8 


$ 


udAfH *»toa 
*HII «ia oJJeoiqo 

§ I 

4ft 

00 *J 

s s 

Ift 

5 £ 
i 2 

I i 

ift ! 

% £ : 


•ft 

i 


4ft 

1 


1 I ® : 

- aaiK *tn*«1J<n*S 3 : 

to to 

i i 

to 

2 g 

5 s 

Ift 

4 2 

1 1 

•ft • 

•g w ; 
ci 35 | 


§ 

H 


1 


to • 

®!Ai ^ : 

n ®inD np ®IJpu<I g : 

2509.6 

2024.6 

to 

4ft 

i § 

61 ci 

4ft • 

1 i 

ill 




9 

«-4 


• 1 to • 

‘III t pa«I«I qaoa 5 j 

to to • 

rf ad I 

1 5 : 

to 

I § 

0 

1 1 

•ft 

1 i 

| £ i 

H p4 • 


1 


i 


, I to • 

1 ! 0 ' • 

eionjiti jo qjnojq | 5 : 

1992.6 

1517.6 

to 

I i 

4ft 

cJ to 
t- *3 

•ft • 

4.-5 : 

• 

i i 


§ 


i 


I : » ; 

' ojq ejno'i jnf»s ® ! 

1 1 S : 

1951. 6 

1476. 6 

to 

11 

i i 

no • 

t : 

■ 

Ift • 

§ i 


s 


8 


1 

in ‘<«i«o 

?: 
S ; 

1751. 6 

1276.6 

to 

11 

in 

1 § 

4ft J 

« • 
§i 


i 


I 


A'X ‘»UiA«incr[ 

0 ■ 

1 i 

CO to « 

i 

to 

11 

1118.5 

1054.5 

Ift * 

t i 

io ■ 

23 ® : 

a f* | 


i 


2 

?3 


1 0 • 

•oiqo ‘uvaapixf 3 £ i 

1 2 : 

to to • 

rf ob : 

! p : 

to 0 

S 3 

5 r- 

•ft io • 

1 S: 

4ft 

I i 

0 • 

S j 


S 


8 


1 0 : 

•oiqo ‘qjnoai 8 *Joj ^ j 

: 

to to ■ 

i i i 

tO 4ft 

£ § 

ift to • 

1 1 j 

Lft ■ 

i | 

•ft < 

3 ; 


3 


8 


•« ; « : 

A 1 ‘jawBdi^joiod | 1 j 

•ft 0 • 
1 *! 

O 4ft 

E 5 

0 to • 

S § i 

O • 

1 j 

•ft • 

« ¥ I 
§ 5 : 


S 




I " : 

-.J Jfan<i9jj|a 1 s : 

O to • 

i t i 

O 4ft 

3 S 

ift to * 
1 1 ! 

Ift 

§ i 

•« 

iS B j 






“To 

•*A ‘paoniqojH ; 3 

1 < *r 

. • 0 

j :2 

j is 

• * 0 

• • 0 

f 1 cp 

; ; Cl 

• IT 

i !i 

) • • • 

1 • ; j 






*0 a ‘a*oj 9 JfJ 099 ! ; § 


i :1 

. 

; ;8 








TTC ‘worautBa 

is 

• *r 

i is 

j is 


1 







*«ji9X ?jo<im 9 x I : e 

< » 

! ! ^ 










•«jnj«jTA JO «9d«o 

is 











•AllO V°i | | 













"I 

i? 

I s 

£2 

ii 

I! 


2 © 

£ * 

to 

u 

H 

o £ 
. 2.2 
<T! © 

is 

«1 


J 13 

If] 


|!§ 

®S 3 

?! 

11| 

III 

ill 

«-■ i. 1 © 

iS.§ 

i’ll 

153 
! 2 § 
i’E ©“ 

Si! 

8f B 

If! 

£|§ 

III, 

ill 

fif 

gff 

oogle 


Digitized by 

































680 REPORT OF THE CHIEF OF ENGINEERS. 

% 

Table No. 2 shows the total lift (ascending and descending) between certain points. 


Table No. 2. 

Feet. 

Pittsburgh to Georgetown via Chesapeake and Ohio Canal, about.3,187 

Point Pleasant to Pittsburgh. 495 

Parkersburg to Pittsburgh. 13d 6 

Marrietta to Pittsburgh. 132.2 

Point Pleasant to Richmond_*.2,911 

Point Pleasant to Parkersburg. 4i5 

Point Pleasant to Marietta. 55.3 


Table No. 3 shows the equated distances between those points affected by the two 
lines, (Central, and Chesapeake and Ohio.) 

The Central is intended, at the outset, to be operated by steam. The experiences of 
the William Baxter steam canal-boat on the Erie Canal indicate that with steam one 
minute to each foot of lift is an ample allowance of time in equating distance, and 
such boats, when freed from the petty and unjustifiable annoyances and hinder&nees 
put upon them by horse-boats, will be able to make three miles an hoar when folly 
under way, without injury to the banks. 

I estimate that the summit-tunnel of the Central line (single width, with tumooti 
for fleets) will cause an average delay of 19$ miles—say 20 miles. 

Colonel Sedgwick estimates that the use of the proposed planes on the Chesapeake 
and Ohio will save 52 miles in equated distance. On the basis supplied by the above, 
the equated distances of Table 3 are compiled. The horizontal distances corrected for 
lift are increased by 20 miles for the Central line and diminished by 50 miles for the 
Chesapeake and Ohio, the 2 miles additional saved by the planes being supposed to be 
lost in the summit-level. 
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Table No. 3. —Showing equated distances between certain points via central water line and via Chesapeake and Ohio Canal . 
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From tbi9 table the following deductions are drawn: If the capes of Virginia be the 
objective point, the shortest line for all poiuts west of Point Pleasant will be via cen¬ 
tral water-line. Difference in favor of central, 160 miles. Same if New York be the 
objective point. If a port on tide-water (Georgetown for Chesapeake and Ohio or Rich¬ 
mond for central) be the objective, 106 miles is saved by the central for all points vest 
of Point Pleasant. If Baltimore be the objective, 42 miles is saved to all points west 
of Point Pleasant by the central. If a port on Hampton Roads (say Newport News) 
be the objective, the distance saved to all points west of Point Pleasam by the central 
is 190 miles. 

On the central water-liue it may be advisable to adopt one or two donble-tnck 
planes (or a hydraulic lift) at the eastern approach to the tnnnel, instead of the two 
flights of locks. (Vertical distance to be overcome, 64 feet.) According to Major Mer¬ 
rill's report, the plane at Georgetown, overcoming a lift of 36 feet, will cost about 
$100,000. The boats on the central will be mnch larger than those in present use on 
the Chesapeake and Ohio Canal. If we suppose two planes at the eastern approach to 
the sumnur-tunnel of the central to cost $200,000, the saving in estimated cost wooM 
he £126,303.57. A plane or vertical lift might be used at Richmond instead of the flight 
of locks. 

On the Greenbrier division it might he advisable to place one plane below Aldenon, 
changing the location as at present made to the following: Leaving dam No. 11 with 
canal-bottom at the elevation 1,602, as at present, and keeping this elevation till the 
head of the flats opposite Alderson is reached, and then by a plane overcome the lift 
of 52 feet, six locks would be saved. I presume the excavation would be about the 
same as now estimated by including that for the locks. The six locks, exclusive of 
excavation, would cost about $144,000. 

Colonel Sedgwick estimates the cost of a plane of 64 feet lift at $43,331.75, which 
Major Merrill doubles, on accouut of the experience at Georgetown. It may be, then, 
that the plane of 52 feet lift would cost one-half as ranch as the locks, and a saving of 
$72,000 would be made. These locks are single, and will have to be doubled, witboot 
doubt, when the trade of the line is developed. 

It maybe that a plane would be advisable in the line round the Great Bend,bntoor 
data are not sufficient to permit a recommendation to be made. 

If the higher summit (McNeill’s) should be adopted, it might be that several plto« 
would be advisable in overcoming the lift from the tunnel to the mouth of Fork Ron, 
(about 288 feet.) I doubt if the use of planes would be advisable between the western 
portal of this tunnel and the mouth of Howard’s Creek, on aoconnt of the quite gndonl 
fall (compared with Fork Run Valley) between these point'*. The total lilt to the firte 
pool on the Greenbrier from McNeill’s tunnel is 246 feet. The distance from the wait- 
era extremity of the approach cut to the month of Howard’s Creek is about 45,000 
feet. This would require that the locks (of 8 feet lift) should be at the distanoeof 
about 1,400 feet apart, (average.) It might be fouud difficult in the location of plane* 
to keep the canal upon the Lill-side to gain sufficient height. 

The tunnel here proposed by McNeill would be, according to his report, 13,920 feet 
in length. This is with a depth of cutting of 50 feet. The proposed tnnnel on th# 
summit-level of the Chesapeake and Ohio Canal is 19,800 feet in length. By a slight 
variation from McNeill’s location, and increasing the depth of approach, cots to 80 feet, 
the length of the tnunel could probably be reduced to 12,000 feet or less. While 
referring to this higher summit, I would call attention to the consideration that the 
short line might permit us to excavate two parallel tunnels at the outset. Then, as 
the slowness of movement would not interfere with the carrying capacity of the line* 
the tunnels might each be made of less section than would he permissible with a sin* 
gle tunnel. 

McNeill’s summit on the central water-line is 1,916 feet above tide. The proposed 
summit for the Chesapeake and Ohio Canal is 1,944 feet above tide. The summit of 
the central water-line is about 2° 10' south of that of the Chesapeake and Ohio. 

The present terminus of the James River and Kanawha Caual is 812 feet above tide- 
That of the Chesapeake and Ohio is about 624 feet. On the James River and Kanawha 
Canal, from 1848 to 1868, the number of days iu which the canal was closed by ic* 
varied from none to fifty-six, and for the twenty years the average was 15.1 days. Th® 
Chesapeake and Ohio Canal closes from 1st to 15th of December; opens about 20th 
March. 

On the central water-line, as now estimated for, tbie canal-trunk is at no point, except 
at aqueducts, of less width than 56 feet on the bottom. A portion of the Chesapeake 
and Ohio is but 45 feet. 

The proposed canal-locks on the central water-line are 24 feet wide. Those for the 
Chesapeake and Ohio are but 20 feet wide. This makes little difference in the etti* 
mates for the locks, but it makes considerable difference in the question of water-esp- 
ply and width of the tunnel, and some difference in the cost of planes and the machia- 
ery thereof. 


Digitized by LjOOQLe 



APPENDIX V. 


683 


The use of steam on the canal will decrease the detention at locks, and will decrease 
the superiority of inclined plaues aud the equated saving of distance dne to their use. 
Respectfully submitted. 


Maj. William P. Craighill, 

Corps of Engineer8, V. S. J. 


Thomas Turtle, 
First Lieut . of Engineers . 


LIST OF MAPS, ETC , ACCOMPANYING REPORTS PERTAINING TO THE SUMMIT AND GREEN¬ 
BRIER DIVISIONS. 

Baltimore, Md., July 27, 1876. 

Major: The following is a list of the maps, &c., pertaining to the summit and 
Greenbrier divisions of the central water-line, and accompanying the reports of the 
survey of 1874: 

SUMMIT DIVISION. 


1 map (sheet No. 1) of survey from Dunlap’s Creek to the Greenbrier division, scale 

1 " = 1 , 000 '. 

1 map, (sheet No. 2,) scale, 1" = 200', of Brush Creek Valley. 

1 map, (sheet No. 3,) Scale, 1" = 200', of Howard’s Creek Valley. 

1 map, (sheet No. 4,) scale, 1" = 200', of feeder-line. 

38 sheets of cross-sections of Brush Creek Valley. 

42 sheets of cross-sections of Howard’s Creek Valley. 

3 sheets of cross-sections ou opposite hill from the northern line, (ravine on the 
Greenbrier.) 

23 sheets of cross-sections of feeder-line. 

1 profile of feeder-dam. 

3 transit note-books. 

7 note-books of cross-sections. 

18 level note-books. 

GREENBRIER DIVLSIOX. 


3 maps, scale, 1" = 200', of Greenbrier Valley, from the feeder-dam to New River. 

1 map, scale, 1'' = 600', showiug the entire Great Bend. 

4 sheets of cross-sections at Bacon’s Falls. 

1 sheet of cross-sections of bar at Alderson. 

37 sheets of profiles of dams and dikes. 

30 sheets of cross-sections of lock-sites for Black-water. 

6 sheets of profiles of dams for canal-lines. 

193 sheets of cross-sections of main canal-line. 

1 sheet of cross-sections of line on left bank below Alderson, (station 215 to station 
225,) pertaining to canal-line, from dam 18 to pool at Wolf Creek. 

37 sheets of cross-sections from west portal of Great Bend tunnel, Chesapeake and 
Ohio Railroad, to the mouth of the Greenbrier River. 

1 sheet of cross-sections of lines on the right bank above Alderson, (approach to 
pool of dam 16,) pertaining to canal-line on the left bank. 

1 sheet of cross-sections above dam 16 on left bank. 

63 sheets of cross-sections of left bauk below Alderson, (dam 16 to the Great Bend.) 

7 transit note-books. 

1 note-book of soundings. 

1 profile-level book. 

1 miscellaneous-level note-book. 

5 level note-books, profiles of dams and cross-sections of lock sites. 

11 note-books, levels on slack-water and canal-line surveys. 

17 level note-books, cross-section of canal-line. 


Very respectfully, your obedient servant, 


Maj. William P. Craighill, 

Corps of Engineers , U. S. J . 


Thomas Turtle, 
First Lieut . of Engineers. 
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REPORT ON LOCATION OF TUNNEL BY LIEUTENANT THOMAS TURTLE, CORPS OF EN¬ 
GINEERS. 

Baltimore, Md., July 5,1376. 

Major : I have the honor to submit the following report of that portion of the sur¬ 
vey for the “ central water-line ” which was placed in my charge by your letter of July 
9, 1874. My instructions, as contained in this letter, were, in part, as follows: 

“ Yon will proceed to the neighborhood of the Lorraine tunnel, on the Allegheny sum¬ 
mit of the central water-line, and there undertake such further investigations aud 
surveys as may be required to furnish the information needed, to enable a definite and 
final location to be made of that important feature of the line, and to put the work 
promptly under contract should Congress provide the means. While locating the 
tunnel, as a means of passing a great communication through the mountain, you will 
bear in mind also its office as the summit-level of a canal, and consider carefully the 
best means of connecting it with the canal or slack-water at either end, and of main¬ 
taining its supply of water by suitable feeding arrangements, assuming that supply to 
be sufficient/’ 

In accordance with these instructions, parties were formed about the middle of July, 
and work commenced on the 2<)th of that month. The transits were in charge of Mr. 
R. H. Talcott and Mr. S. F. Adams, and the levels were taken by Messrs. J. A. Haim 
Henry Fairfax, Thomas Bernard, and Marsden S. Manson. I take pleasure in scknowl 
edging the zeal shown by all these gentlemen throughout the survey, and their faith¬ 
ful performance of whatever duty was required of them. It was understood that the 
primitive object of the surveys in the vicinity of the summit was to determine the ad¬ 
visability of adopting a tunnel-line from Brush Creek (otherwise Jerry’s Run) to 
Howard’s Creek, or to the Greenbrier River direct, as a substitute for the line proposed 
by Mr. W. R. Hutton, in his report to you after his survey iu 1870, printed in the fit- 
port of the Chief of Engineers for 1871. 

This substitute was suggested, subject to the test of actual survey, by Bvt. Mij 
Gen. J. G. Barnard, colonel Corps of Engineers, to the Board of Engineers on the James 
River and Kanawha Canal, convened by 8pecial Orders No. 17, War Department, Ad¬ 
jutant-General’s Office, January 27,1874. This suggestion was incorporated in then- 
port of the board to the Chief of Engineers, dated March 18, 1874, in words as follows: 

“ It is also suggested that the tunnel ana canal construction may be improved by a 
radical change of location, taking a point near the railroad-crossing in the ravine of 
Brush Creek (or Jerry’s Run) for the eastern terminus, and the same point on Howard’* 
Creek for the western. By this it is supposed that 2 miles of canalling would be saved, 
and the location laid in a more open valley (Brush Creek) thau Fork Run ; or finally, 
and possibly, by starting from the last-named point and tunneling a distance scarcely 
exceeding that originally designed by Mr. Lorraine, (9 miles and a fraction,) the valley 
of the Greenbrier may be reached, by which the expensive canalling in Howard* 
Creek and the feeder would be wholly dispensed with. The modifications of location 
are not mentioned as matters of positive recommendation, bat as subjects for farther 
survey, with a view of having the beet possible location.” 

The survey began at a point near the junction of Brush and Dunlap's Creeks. A 
line was run up Dunlap’s Creek, to connect with the initial point and bench-mark of 
Mr. Hutton’s survey of 1870. This was necessary, as Mr. Lorraine’s line and benches 
of 1853 had disappeared. The surveys extended up Brush Creek to and above the rail¬ 
road fill. Cross-sections were taken of the valley, at distances of 100 feet, and extended 
on either side as far as was judged necessary to enable a canal location to be made 
An offset was run from station 11 of the line to Dunlap’s Creek, and cross-sections were 
taken on the offset; which enables us to make a connection with Lorraine’s location is 
the valley of Dunlap’s Creek and in the pool of dam No. 8 (station 745) of that loca¬ 
tion. This completed the examination for the eastern approach and connection. 

Station 120 -f 15 of the Brush Creek line was taken as the initial point for the trial 
lines for the tunnel location. The directions were obtained as nearly as possible, for 
the objects in view, from a copy of Captain McNeil’s map and from a plot of the Ches¬ 
apeake and Ohio Railroad, kindly furnished ns from the engineer office of the company- 

The line from Brash Creek to Howard’s Creek is designated on the map “ Southern 
line of 1874,” and that from Brush Creek to the Greenbrier River as the “ Northern liw 
of 1874.” The surveys of, and pertaining to, the southern line were made by Mr. Ta- 
cott, and those for the northern line by Mr. Adams. 

All surveyed lines were run with transit instruments. Those depressions, which 
offered any chances for the location of shafts, were surveyed to the right and left d 
the main lines, as far as was considered necessary for snch locations. The lines of levels 
were carried aloug the main lines and all surveyed lines. The southern line surveys 
were continued down Howard’s Creek to the Greenbrier River, and cross-sections were 
taken in the valley of the former down to a point below Caldwell Station of the Ches¬ 
apeake and Ohio Railroad, (to station 108 of the Howard’s Creek line.) 

The surveys for the northern line extended to the Greenbrier River and up the river 
for 7,532 feet. An offset line was ran up the valley of the middle fork of Howard* 
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Creek, and auother down Howard’s Creek and np a ravine, headin g toward the Green¬ 
brier. 

The necessary surveys were also made for feeding arrangements from the Greenbrier 
River. 

The information resulting from these surveys has been compiled, and is shown in a 
series of four maps accompanying this report. Sheet No. 1, on a scale of one inch to 
one thousand feet, shows the entire ground surveyed from Dunlap’s Creek to Greenbrie 
River. The contours show the exact elevations where they cross surveyed lines, and 
are but approximate of these lines, except in Brush Creek and Howard’s Creek Valleys 
and along the liue of the feeder, cross-sections having been taken in these looalities. 
Upon this map are also shown Hutton’s line and proposed location of 1870, and Mc¬ 
Neil’s proposed tunnel of 18*26. 

In addition to the surveys mentioned above, the strike and dip of the rock were noted 
in many places where it outcropped upon the lines; and an examination was made by 
Mr. Talcott and Mr. Manson of the cuttings and tunnels of the Chesapeake and Ohio 
Railroad from Brush Creek to Hart’s Run. The strikes and dips of the different strata 
were noted, and specimens (126 in number) of all the different varieties of the rock were 
secured. 

The location of the tunnel-line for the summit-level is the first matter to be definitely 
fixed, as the connections at both ends depend upon it. 

It is assumed that the elevation of the summit shall be somewhat higher than the 
level of the Greenbrier at its western end or approach. 

I find it advisable to first consider the dimensions and form of the cross-section of 
the tunnel, and that the determination of this matter involves incidentally the discus¬ 
sion of all matters pertaining to the summit division. The late Board of Engineers 
were “unanimously of the opinion” (see report of Chief of Engineers 1874, Part 2, 
page 90) 4 ‘ that a tunnel of the dimensions proposed, (54 feet broad by 34 feet high,) 
i. e.j wide enough for passing everywhere, should not be attempted, and, on the sugges¬ 
tion of one of its members,” united ft on the recommendation of a single tunnel with 
turnouts of dimensions ” to be 11 fully set forth in his individual report, with which 
hereafter, if found necessary, a second tunnel might be combined.” The tunnel so sug¬ 
gested was to have a water-way 34 feet wide and 7 feet deep, and would have nassing- 
places 140 feet in length at every fourth of a mile. These passing-places would divide 
the tunnel into a certain number of compartments, each of which could he occupied by hut 
one boat at a time , unless the length of the passing-places be increased to permit more 
than one boat to enter. In such a tunnel, the canal being worked regularly and to its 
full capacity, system would require that the boats moving in the same direction should 
occupy alternate compartments, the remaining compartments being occupied by boats 
moving in the opposite direction. A direct relation exists between the speed of the 
boats (taken in connection with the distance between turnouts) and the number of 
boats which can pass out of the tunnel in a given time. 

If we suppose 

t = fraction of an hour lost at each turnout, 
w=number of turnouts per mile, and 

r=fractiou of an hour occupied in the passage of 1 mile unobstructed, then will 
nt = fraction of an hour lost at turnouts per mile, and 
r-f- nt =fraction of an hour required to move 1 mile, including delays at turnouts. 

In the time (r-f nt), n boats will have emerged from the tunnel. Representing by N 
the number of boats leaving per hour, we have n=N (r-f nt). 

The tunnel will be an enormous obstacle in the line of communication, unless it per¬ 
mits the passage of boats as rapidly as they can be passed through the locks. We will 
suppose six lockages per hour to be necessary, or N=6, we have n=4 (passing-places 
©very fourth of a mile), t must, in advance of experience, be assumed. This time, t, 
is made up of the time lost in slacking the speed of the boat, in hauling it sidewise into 
the recess, in allowing the other boat to pass, in hauling out of the recess, and starting 
it forward to attaiu its ordinary speed, t can scarcely be assumed at less than five 
minutes (f* hour), and may equal $ hour. We will suppose hour. Then, from 
the formula (n = N (r-f nt), we find t=£; that is, the velocity of movement must be at least 
3 miles per hour to permit six lockages in this time. 

If we double the number of passing-places, we find r=f> or the velocity of move¬ 
ment should be 1$ miles per hour. Twelve turnouts per mile would require a rate of 
motion of 1 mile per hour. 

An iucrease in the value of t will necessitate an increase in velocity. If t=l hour, 
no possible velocity can enable 6 boats to pass out per hour, let the number of turn- 
onfcs be what it may. 

This substitution of i for t in the formula (N being equal to 6) will give r=0; i. e., 
an infinite velocity will be necessary. This is as it should be, for the time of passing 
from one turnout to another, plus the time lost at turnout, must not exceed the time 
of one lockage. In this connection, it will be interesting to investigate the probable 
attainable rate of movement through a channel-way of this width and depth. 
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Some years since, M. Bazin made a series of experiments at the Pouilly tunnel of 
the Burgundy Canal, in France, which throws considerable light on this subject. This 
tunnel of Pouilly is 10.991 feet in length, with a water-way 20.343 feet in width at the 
water-surface and 18.69*28 feet at the bottom. The depth of water varied daring the 
experiments from 7.546 to 7.71 feet. There was no current. The boats were 16.4045 
feet in width. “A dynamometer placed immediately behind the tow-boat received the 
tow-lines direetly, and indicated each instant the force of traction. The velocity was 
determined by noting to seconds the time of passing bench-marks placed at distances 
of 100 meters. 

The results of these experiments presented numerous variations in their details, 
since the force of traction, more especially the velocity of movement, was incessantly 
modified through the influence of various causes—such as variable pressure of the steam 
in the boiler, the accidental movement of the boats in tow, which, not always follow¬ 
ing the axis of the tunnel, moved obliquely to it and even touches the sides; the wive 
motion produoed by the convoy, &c. “ The experiments were nine in number. The 
boats, when arranged in tows, were lashed to each other as closely as possible—a pre¬ 
caution useful in diminishing the resistance.’ 7 

The composition of the tows and the observation made for velocity, force of traction, 
&c., are given by M. Bazin in two tables, which are here consolidated into one and 
re-arranged. The French weights aud measures are reduced to Euglisb units. Some 
of the items in the original tables are omitted as superfluous for our purpose. 
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Consists of one beat, draught 4'.4. 
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Consisting of two boats, draught as follows: 4 .2 and 3.46 
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Consisting of seven boats, draught as follows : 4'.527,4'.33, 
4'.59,4'.56, 4'.0,3'.969,3'.018, anu two empty boats. 1 
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1 

2 168 

5905.6 

4166.4 

9032.8 


For the present we have to consider only the case of a single boat; that is, the first 
and second experiments. 

To facilitate our comparisons, the following table is compiled from the preceding 
information : 
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On the central water-line the locks are proposed to be 24 feet in width, and the 
boats will then be about 23 feet 6 inches wide. If we suppose a draught of 6 feet 4 
inches in atnnnel 34 feet iu width, the water must be 10 feet deep to make the water 
section bear the same ratio to the submerged section of the boat as in the first experi¬ 
ment, and nearly 9 feet to make this ratio the same as in the second experiment. We 
will suppose these conditions to be the same, and that for the same velocity the neces¬ 
sary mean effort of traction per unit of submerged section will be equal in the two 
cases. 

We can now compile the following table of velocities and resistances for a tunnel 34 
feet wide, and the boats being 23 feet 6 inches iu width, with a draught of 6 feet 4 
inches. 

Table III. 
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This tunnel is somewhat wider in proportion to the width of the boats than the 
Pouilly tunnel, and of course has less proportional depth. 

It will be observed that the last mean velocity of the second experiment (E) is but 
little less than the first mean velocity of the first experiment, (A,) and, though the sec- 
oud boat was drawing more water than the first, the mean effort per unit of section 
was considerably less than for the first boat. 

For some reason this second boat moved more easily than the first. We will take 
the second boat for the standard of comparison. If we suppose the resistances to vary 
as the squares of the velocities, one mile per hour would require 8.022 pounds traction per 
unit of section according to D, aud 7.03 pounds according to E. Seven pounds per 
square foot will be a total of 1,041.8 pounds force of traction, the necessary amonnt to 
move a boat 1 mile per hour. 

It was proposed in this single tunnel, with passing-places, to have a timber tow- 
path 5 feet 9 inches wide, in case horse-power were used on the canal; this tow-path 
to be omitted if steam-power were adopted ou the canal instead of animal-power. 

The Ordnance Manual (page 472) gives 120 pounds as the mean effort exerted by a 
horse drawing a cart or boat walking, and working 8 hours per day. McAlpiue men¬ 
tions that, according to experiments made iu France, a horse can exert 143£ pounds for 
6 days. These figures refer to a more rapid motion than 1 mile per hour. Trautwine 
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gives 250 poun4s as the power of traction which a horse can exert traveling 1 mile per 
hour. 

But we have here a timber tow-path. The footing cannot be as good as upon earth, 
even by placing some of this material on the path, (which would canse it to rot out 
quickly,) and several horses would be necessary, arranged in single file. These disad¬ 
vantages would seriously decrease the effective power of the horses. 

Our boats have 148 83 square feet of submerged section, loaded to 6 feet 4 inches. 
One pound per sqnare foot seems to me to be all the effective force we could expect 
under the circumstances from each horse. Assuming this to be so, at least 7 horses 
would be required for each boat to move 1 mile per hour. At the turn-outs these 7 
horses, with drivers mounted, would have to pass the horses of the boat in the turn¬ 
out. This manoeuver on a narrow tow-path must be tedious and difficult. The time 
allowed at turn-outs (hour) is surely as short as with safety can be assumed. 

One mile per hour, we have seen, will render 12 turn-outs per mile necessary. Eich 
being 140 feet long, their aggregate length per mile would be 1,680 feet. Thus nearly 
one-third the entire length of toe tunnel would be excavated to a width sufficient for 
passing boats everywhere, which, with the expense of finishing off the ends of the 
recesses and the expense contingent on changing from one section to another in the 
excavation, would probably make fully one-third the difference of cost between a sin¬ 
gle tunnel 34 feet wide and the tunnel of 52 feet width, as originally proposed. The 
uncertainty of action of the 34-foot tunnel would still remain tobe considered, together 
with its disadvantage of not admitting an increase in the trade of the line inexcemof 
6 boats per honr, (i. e., 3 each way,) 

A current through the tunnel from west to east would somewhat change the condi¬ 
tions. The eastward boat would have the benefit of this current, and would reset 
the turn-outs in time probably to pass into the recess before the arrival of the west¬ 
ward boats. The westward boats wonld have no delay at turn-outs except in the difi- 
culty of passing horses. Supposing no delay, (as might be the case if a recess wen 
provided for horses beyond the recess for the boat,) the formula wonld reduce to 
« = N r, and with a rate of movement of 1 mile per hour, only six turn-outs would be 
necessary per mile to provide for six lockages per honr. I estimate that a velocity of 
more than one-half mile per hour will be necessary through a chanuel 34 by 9 to supply 
water for the canal eastward to Covington. The westward boats must stem thiscor- 
rent, and to make 1 mile actual progress wonld require about the effort of traction 
corresponding to the second part of the second experiment. Assuming 148.83 pounds 
to be the effective effort of each horse, 18 horses would be necessary ; an unmanage¬ 
able number in such circumstances. Fewer horses will give less speed and render 
more turn-outs necessary. 

It may be said that the westward boats will be more lightly loaded than the east¬ 
ward ones, (i. e., to less than 6 feet 4 inches,) and therefore will offer less resistMtt 
than that above mentioned. Generally this will be so. But a large transfer of iion- 
ores from east of the Allegbanies to" the west is to be expected. A single heavily- 
loaded or slowly-moving westward boat will modify the time of passage of every 
eastward boat which it meets while in the tunnel, being one for each turn-ont If ve 
suppose hut four tnrn-onts to the mile, and that heavily-loaded boats shall succeed 
each other at intervals not greater than ten hours, the whole traffio in the tunnel most 
conform in time of passage to these heavily-loaded boats. A current of one half mile 
per honr must render the checking of the speed of the eastward boat and the hauling 
of it into the recess a difficult manoeuver in a contracted space such as this 34-foot 
tunnel. It cannot be done quickly. About 300 pounds traction would be necessary to 
bold the boat in this channel-way against a current of this velocity; more thantbo 
effort which two horses put forth in towing at a walk. Without expanding the sub¬ 
ject further—already perhaps too long drawn out—I would state my opinion as decid¬ 
edly opposed to l9e tunnel with passing-places for single boats, the boats being moved 
by animal-power. It should be remarked, however, the original proposition contem¬ 
plated the use of boats which would offer less resistances to movement, as the locb 
were assumed but 20 feet in width. 

If steam-power be used on the canal, the tow-path is dispensed with, and circum¬ 
stances change. The eastward current will aid the eastward boats, and they should, 
without doubt, enter the turn-outs, and probably would be able to complete this ma- 
noeuver at least in time to enable the westward boat to proceed without delay. Tbe 
formula n = Nr will express the relation existing between the velocity of the west¬ 
ward boats, the number of turn-outs per mile, and the number of boats which can pa» 
out of the tunnel per hour. With 4 turn-outs per mile, the net velocity of the west¬ 
ward boat must be 14 miles per hour to provide for 6 lockages in that time. The ac¬ 
tual velocity against‘the half-mile current must be 2 miles per honr. With this ve¬ 
locity, the resistance per square foot of submerged section wonld be 28.1 pounds, 
according to the first part of the second experiment, (L),) and 26.7 ponnds, according 
to the second part (E) of the same experiment. The first experiment gives 28£ pounds 
for a velocity of 1.92 miles per hour, water-way being 10 feet deep. We will supper 
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28 pounds to be correct. The total resistance for a boat drawing 6 feet 4 inches will 
then be 4,167.24 pounds. Two miles per hour is 176 feet per minute. The work of 
moving the boat at this rate will be 734,434 foot-pounds per minate, or 22£ horse-power 
(effective force) must be employed. 

Lagren6 says that the co-efficient of the useful effect of the screw varies between 
0.42 aud 0.64, taking the work of the pistons of the engines as unity.—(Experiences 
Dynaraometriquos, par M. Taurines, 1859.) This is for marine-engines. Labrousse 
states (Traits de Touage sur Chaiue noy<5e) u that in our canal, (France,) where the 
dimensions of the lock-chambers compel the use of boats with certain particular con¬ 
ditions of form, any system of * * * screws * # * will not realize more than 
25 per cent, of the motive force.” 

The loss in this tuunel must be still greater. It is therefore more than probable that 
the velocity necessary, with four turn-outs per mile, cannot be obtained with engines 
at all economical for the navigation of the open canal. 

It may be, though exceedingly doubtful, that the power used on the canal could gen¬ 
erate a lower velocity, which, with a permissible number of turn-outs, would provide 
for six lockages per hour. A number of turn-outs permissible in view of expense is 
here meant. Without discussing the question, I would state an objection to any sys¬ 
tem of turn outs, which becomes more grave as their number is increased. If the tun¬ 
nel were worked systematically and to its full capacity, each compartment, as noticed 
above, would contain a boat, adjacent compartments being occupied by boats moving 
in opposite directions. Each boat, when arrived at a vacant turn-out, should with¬ 
draw into it and remain till passed by a boat moving the other way. It conld then 
proceed. This alternation is positively necessary, aud, as long as the working be full 
and regular, would operate very well, but if there be a failure in either of these condi¬ 
tions, confusion must necessarily ensue. The tunnel proposed would have thirty or 
more turn-outs, supposing four per mile. Each of the numerous delays incident to 
any traffic will have its effect in increasing the confusion within the tunnel. One boat 
moviug irregularly will communicate this irregularity, in a greater or less degree, to 
sixty boats. In a time of slack trade boats would not preseut themselves at proper 
intervals at the portals. Some compartments would then be unoccupied by boats, 
unless indeed all the boats within the tunnel be compelled to await the arrival of those 
behind them. Ourside certain limits this could not be thought of. The captain of 
each ho it, when arri /ed at a turn-out, must know whether to withdraw into the recess 
or to prjceed. A mistake would be very difficult of correction. We cannot hope that 
thirty turu-outs will auswer our purpose, and a greater number will iucrease the diffi¬ 
culties. This objection should of itself preveut the adoption of passing-places for 
single boats in a tunnel of considerable extent. 

A siugle tunnel wide enough for passing everywhere, or two tunnels of single width, 
would remove this objection. Though the movement would be more slow than on the 
open canal, the boats could pass out one end as rapidly as they could possibly enter at 
the other. The importance of decreasing the first cost impels us to provide for an or¬ 
dinary trade at least, without the construction of the second tunnel, or a large tunnel, 
if it can be avoided. The movement of boats in fleets seems to offer the only chance 
for a solntion of the problem. 

In the formula a = N (v + nl), we can suppose N to be a nnmber of such fleets, and t , 
instead of the time lost by a single boat at each turn-out, will be the time lost by the 
entire fleet, and, if the eastward current be sufficieqtly rapid to enable an eastward 
fleet to arrive at and withdraw into a torn-out before the arrival of the westward- 
bound boats, t becomes zero, aud the formula reduces to n = N v for the westward fleets. 

Preparatory to the solution of the problem, the experiences at the tunnels of the St. 
Quentin Canal, in Belgium, and at the Pouilly tunnel, in France, are of great value. 
M. Lemoyer contributed a memoir to the Auuales des Ponts et Cbausaies. 1863, on the 
towage of boats in the tunnels of the St. Quentin Canal, containing muclr valuable infor¬ 
mation. It is here condensed, tho^e portions being omitted which do not immediately 
concern ns in our investigations. 

“ There are two tunnels (Riqueval and Tronquoy) on.this canal, separated by a short 
distance. The Riqueval tnnnel is 18,603 feet in length, and the other is 3,606 feet. 
The water-way was at first 17.06 feet in width, aud 7.546 feet in depth, with a solid 
banquette on each side 4.6 feet wide, and raised about 2£ feet above the ordinary water- 
level. From the opening of this line, in 1810, to 1857, boats were towed through these 
tunnels by men and women, eight or ten beiug assigned to each boat. The boats for¬ 
merly drew nearly 5 feet of water, aud though ail the locks had a minimum width of 
17.06 feet, the greater part of the Flemish boats had but a width of 14.44 feet. The 
privilege of the tunnel was free to all. The slowness of movement was such that the 
boats generally reqiired twenty hours to traverse the Riqueval tunnel from portal to 
portal. Transit in the same direction could occur only ou each second day. 

“ The iucrease of commerce necessitated the adoption of some method of traction 
which would reduce the delay incideut to hauling; and January 20, 1840, ten men 
were employed for each twenty tons, in order to iucrease the rate of movement and to 
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doable the utility of the canal by permitting transit each way each day. Competition 
with railroads made the enlargement of the Flemish locks necessary to admit the wider 
boats, and the draught of the boats was increased to 5.91 feet, aud the depth of the 
water thronghout the line to 6.56 feet. With this increase in the draught of the boats, 
the difficulties of traction became so great that hauling by men was practically impos¬ 
sible. The time of transit, which before this moditication of the boats was seven or 
eight hoars, soon increased to sixteen and eighteen hours. By degrees the men, from 
exhaustive labor, refused to continue work, aud an increase or wages could not prevail 
on them to remain in a service which was beyond their strength. Foreseeing aa 
immediate abandonment of this means of tractiou, the management tried various 
means to assure the towing of boats. A trial of steam-towing had demonstrated that 
its employment was here inapplicable, with the defective smoke-consumers then in 
use, on account of the inconveniences arii-ing from the gases generated by combostioo 
and because of the ill-effects of frost within the tunnel, which is excavated through 
chalk, and is bat partially lined with masonry.* 

“ When the boats were towed by haud, doors were used at the ends of the tunnel to 
diminish the action of the frost, and the shafts had been hermetically closed. Deprived 
of this mode of traction, the management bHd recourse to horse-power. The banquettes 
were not provided with guard-rails, and the nse of animals ou such a narrow tow- 
path was not thought of without providing by some means to prevent accidents. Mov¬ 
able guard-rails were then adopted, which removed all danger. Two large transverse 
bars were securely lashed with ropes near the bow, by meaus of which the gaard-caih 
were attached to the boat, and moved with it. A horse on each banquette was tied to 
the fore parr, of the guard-rail and the tow-line was attached to the boat. 

“A fleet of fifteen boats was first tried, towed by 30 horses. The time of transit ex¬ 
ceeded 14 hours. Two other trials noc more snccessful. 

“ Finally, fearing that this low rate of speed was due to the fact that the horses we* 
unaccustomed to this kiud of labor, twenty teams perfectly broken by daily nse in the 
approach cuts were used, and placed in charge of the best drivers. 

“ The number of superintendents was doubled, yet, notwithstanding all precaution 
taken, the experiment failed completely, us the convoy required 13 hours to traverse 
the tunnel. 

“It was fonnd that the low rate of speed, by compelling the horses to take short 
steps, neutralized most of their power, and the result produced was altogether onstf 
proportion to the fatigue endured. More powerful means were necessary. 

“ Out of a number of methods proposed, bat one appeared worthy of trial. II con¬ 
sisted simply of a boat fitted with a platform, raised to clear the banquette, on which 
horses traveled to turn a capstan. A rope or cable attached to some point ahead, wd 
making two turns round the shaft of the capstan, provided the means of forward move¬ 
ment when the capstan was turned. This device was of great value, as the inerwee 
of power permitted the formation of tows of 30 to 40 boats. The time of transit was 
even now from 10 to 12 hour**. 

“ Improvement in the details produced no acceleration of movement, since the resist¬ 
ance due to the contracted width of the tunnel could not be diminished, mud it in¬ 
creased in great proportion to the increase of speed. 

“ The water-way was next enlarged by the removal of one of the banquettes, giving 
an increase of 4.6 feet in width. As a farther improvement the ropes were dispensed 
with, and a submerged chain was put iu use instead. Eight horses were used to to* 
large fleets, but this number might be diminished according to circumstances. Tfce 
chain after three years’ use has suffered no deterioration, and none of its links h*re 
been broken. The arrangement enables each horse to tow about one thousand fruft 
tons, moving regularly with a velocity of about f of a mile per bonr. This mode** 
traction has reduced the cost so materially that the toll is less per ton per mile tfcu 
on any other pofion of the canal, or even on the river navigation connected there¬ 
with. The time of transit was reduced to abont seven hours for ascending fleets, and 
to little more than five hours for those descending.”* 

In 18681 8 team-towage with submerged chain, theretofore considered impossible, w» 
inaugurated. 

M. Bazin has given in a note (Annales des Fonts et Chanss&s, 1868) very interest¬ 
ing details on the use of steam-towage established at the Ponilly tunnel of the Bsr- 
gnndy Canal, in which note were published the experiments mentioned in a previse 
part of this report. From this note the following information is extracted: 

“The tunnel of the Burgundy Canal, in which a system of steam-towage Mas 
been established, has not the exceptional length of that of the St. Qnentin Canal. Tte 
trade of this line, paralyzed even to the present time by the condition of the rivtr 

* Steam-towing has since been successfully inaugurated.—T. T. 

t Letter to Prof. G. L. Andrews, U. S. M. A., from Mr. E. Malezieox, Chief Engine** 
the Corps des Pont* et Chauss^es, transmitted to General J. G. Barnard, Corps of Esp* 
neers, U. S. A. 
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Yonne, the improvement of which is not yet completed, is still less active; and the 
tnnnel is on the least frequented portion, where the annual carrying trade is only about 
120,000 tons. Navigation on this account was none the less subject to serious embar¬ 
rassments which a more active trade would immediately aggravate. The tunnel is 
10,991 feet in length, with an approach cut 2,953 feet long at each end. The approach 
cuts, like the tunnel, are but wide enough for one boat, being 21.98 feet at the water- 
surface, and 20.38 feet at the bottom. 

“The water-way of the tunnel js 20.38 feet wide at the water-level, and 18.7 feet at 
the bottom. 

44 The water in the summit-level is constantly 7.2 feet to 7.87 feet in depth. The 
length of the portion with single widths, comprising the tunnel and approach cuts, is 
3.2 miles. 

“The rule in operation before the establishment of a system of towage allowed the 
boats 6 hours to pass over this distance; the convoys approaching from the sitln of the 
Yonne entered at noon and midnight, and those coming from the water-shed of the 
SaAne, at 6 o’clock, morning and evening. The motive power was furnished by men 
to the number of 4 to 6 to each boat. The tunnel having no tow-path, these men 
hauled on a chain attached along one of the sides. 

“The establishment of a more powerful mode of traction became urgent, especially 
in view of the probable increase of traffic wheu the canalization of the Yonne should 
be completed. A decree of April 28, 1866, authorized the creation, at the expense of 
the state, of a system of steam-towage, which was placed in operation on February 5, 
1867. 

“The tow-boat employed at the Pouilly tunnel was constructed according to the sys¬ 
tem of M. Bouquid. This system, of which the small one in use at Paris, in the hist 
level of the St. Martin Canal, is a specimen, is distinguished from other methods iu 
this, that the chain, instead of passing over the middle of the boat, rests simply on a 
pulley at the side, passing over only a portion of its circumference. The groove of this 
pulley is provided with recesses in which the links of the chain are engaged, which re¬ 
quires that the links should be of a uniform size. The lateral position of the pulley has, 
for very narrow tow-boats, as those operating in a tunnel of single width should be, 
the advantage of clearing the deck, which the passage of the chain over the middle of 
the boat would incumber to an extent frequently dangerous and embarrassiug while 
maneuvering.* 

“The engine is high-pressure and condensing,t of fifteen horse-power. Motion is 
transmitted to the shaft of the pulley by means of a belt and gearing under the deck, 
which thus remains perfectly free. The gearing permits two different velocities of the 
pulley, according as the boats in tow be heavily or lightly loaded. These velocities 
are as 3 to 5. The total length of the boat is 72.2 feet, and its width 10 feet 8 inches. 
It cost $8,074.50. 

“The steam tow-boat at the Pouilly tunnel is probably the first employed for this 
purpose in France, and the experience here obtained furnishes useful data on the special 
difficulties of its nse in like cases. The resistance to .traction, on which a connected 
series of experiments has not been made, is very great, and the movement of convoys 
creates very complicated undulatory motions throughout the whole extent of the level. 
This-great resistance requires that a large margin should be allowed for the estimated 
power to be given to tbe tow-boat. 

“ The water displaced by the progress of the boat not having, as in a water-way of 
great width, room to flow off freely at the sides, is obliged to escape with great velocity 
throngh the narrow space between the boat and the sides and bottom of the cut, thus 
eansing a permanent difference of level from stem to stern of the boat, which differ¬ 
ence of level is greater as the dimensions of the boat approach those of the canal. In 
experiments made by ns this difference at times was nearly 8 inches. 

“ The progress of a convoy of boats in a tnnnel of great length causes movements in 
tbe entire mass of the level. As soon as the convoy enters the tunnel, it presses the 
water before it, which pressure is transmitted forward iu the form of a wave, which 
traverses the length of the level to its extreme end, from which it is reflected, and re¬ 
turns toward the convoy, reaching which, it passes on to the other extremity of the 
level, from which it is again reflected, and so on with gradually-diminished height. It 
is besides clear that anv variation in the velocity will create secondary waves similar 
to this. An increase of the velocity will increase the difference of level, producing a 
new wave, the motion of which will be in the same direction as that of the convoy. 

“On the contrary, a slowing-up of the boats will allow the water to flow backward to 
attain its equilibrium by passing under the boat, causing a new wave, which will bo 

* This method permits the chain to be readily taken up or thrown off, which cannot 
be done if the chain passes over the middle of the boat.—T. T. 

tTbe condenser is absolutely necessary in a tunnel, as, because of the slowness of 
movement, the escape of the steam immediately produces complete darkness.—M. 
Bazin. 
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propagate'! in a direction op aosite to the motion of the convoy. Variations in the sec¬ 
tion of the canal will also produce effects of the same kiud. These causes collectively 
give rise to very complicated phenomena. We had no very certain data to determine 
the power necessary for a tow-boat. Some trials made in hauling one, two, and three 
boats by men in the tunnel and horses in the approach-cuts would seem to give for the 
value of the effort f F) of traction, necessary to produce a velocity (r) with (a) loaded 
boats drawing 4'.6 feet, 

F = 159 n r 2 *, 

"which, expressed in horse-power, is 

P = .2390 n r 3 *. 


According to this formula, a power of fifteen horses should suffice to tow a convoy of 
eeven boars with a velocity of nearly 2 feet per second. It was even very probable 
that this result would be exceeded in practice, since it could be affirmed d priori that 
the force of t Action should increase in a less ratio than the number of boats in tow.” 

These estimates have been confirmed by careful experiments, the results of which 
have been given in Table 1. 

M. B.izin, in discussing the results of these experiments “ without an absolute role, 
which the nature of things does uot admit of,” groups the results into a very sim¬ 
ple, approx iuiate formula, by remarking that the “ co-efficient of traction ^ ^ of the 

first boat is about double that of each succeeding one in the same fleet.” This formula 
^changed to English weights and measures is 

P = .2486(n + l)r 3 , 


in which P represents the necessary horse-power; n the number of loaded boats in tow, 
and r the velocity iu feet |>er second. 

The force of fifteen horse-power will then suffice to move eight boats with a velocity 
of nearly 2 feet per second. 

“This formula is evidently hut a mnemonic role applicable to this particular case, 
since it omits various elements of the question, and notably the most important oi 
all, the relation between the submerged sectiou of the boat and the section of the 
water way.” [If we suppose the water-way of the Alleghany tunnel to be 31 feet6 
inches at the surface and 30 feet wide at the bottom, with a depth of II feet, the eoo- 
ditions will be nearly the same as in these experiments, supposing our boats to be 23 
feet 6 inches in widrh, and to have a draught of 6 feet 6 inches. In fact the section 
of this tuunel is somewhat greater in proportion to the section of the boat than w« 
the case at the Pouilly tunnel, these ratios being to each other as 357 to 309. Omit¬ 
ting this difference, which will be to the advantage of our calculations, we may apply 
the data furnished by the Pouilly experiments in the discussions of the Alleghany 
tunnel.] 

M. Bazin, in the memoir referred to, speaks thus of the difficulty of ventilation at 
the Pouilly tunnel: “All precautions possible had been taken to avoid the produc¬ 
tion of smoke ; the tubular boiler was heated with coke, and a small jet of steam pro¬ 
jected under the grate permits an energetic draught to be obtained at will. There 
exist besides, at Pouilly, nineteen shafts, of little depth it is true, since this depth 
«loea not exceed 131£ feet. 

o However, there were all grounds for hope that the ventilation was sufficiently as¬ 
sured. All went well duriug the first moutb, but shortly after the crews of the boats 
were several limes seriously inconvenienced. The danger of asphyxia was even suffi¬ 
ciently serious to create fears for the possibility of continuing the service. The vol¬ 
ume of gas arising from the combustion of coke was in too small ratio to the volume of 
air in the tuunel to afford an explanation of these troubles, and the inference was un¬ 
avoidable that the gas could in certain special conditions accumulate on the tow-boat, 
and in fact an attentive study of the circumstances very soon showed that such should 

tll6 C&80. 

“ The air within the tunnel is never in repose. The direction of the wind on the 
exterior; the difference of temperature of the two long approach-cuts, one of whieh 
opens to the south, the other to the north ; finally, the influence of nineteen shafts, 

f ive rise to currents the direction and intensity of which are continually varying. 

’requeutly several changes in the direction of the currents may be observed in passing 
through the tunnel, the air ascending at some of the shafts, while at others the air has 
a downward direction. When the current of air is in an opposite direction to the mo¬ 
tion of the tow-boat, the gas issuing from the smoke-stack passes to the rear and dis¬ 
perses ; but, on the contrary, when the current has the same direction of motion as the 


* These formulae have been cbauged to suit English weights and measures; r repre¬ 
sents feet per second.—T. T. 
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boat, it may hnp;>en that their velocities may be about the same, in which case the air 
which envelope the boat follows along with it. 

“ The gases can theu accumulate as they would do in a limited space. There is formed 
then above the deck a kind .of cloud, heavily charged with smoke and irrespirable 
gases, whioh accompanies the boat in its progress. This effect is aided, moreover, by 
the impulse given to the air within the tunnel by the forward movement of the convoy, 
especially if one of the boats is loaded with a raised eargo, which, iu a manner, forms 
a piston and presses the air before it. Carbooic acid, which alone constitutes nearly 
tlie entire volume of gas produced by the combustion of coke, presents of itself no 
serious danger, nnless when mingled in large proportion with the air. But there is 
also produced a small quantity of carbonic oxide and sulphurous gas, the action of 
which is very much more to-be feared. The carbonic oxide is extremely deleterious, 
and can even in small quantities produce a real poisoning, of which the first symptoms 
are vertigo, accompanied with violent headache, weakness in the legs, and sometimes 
vomiting. The crew of the tow-boat have several times, after traversing the tnnnel, 
felt these effects. However, by carefully watching the fire, taking special pains not to 
overload the grate wheu passing through the tuunel, these troubles may be almost 
avoided. 

“The sulphurous acid, notwithstanding its irritating action on the organs of respira¬ 
tion, presents much less danger, but it is impossible to prevent its formation, all cokes 
containing some traces of sulphur. 

“There is also produced a small quantity of snlphureted hydrogen, the presence of 
which is explained by the passage through the iucandeseeut coke of the small jet of 
steam used to create a draught. This gas is in part decomposed by the moist air of the 
tunnel liberating the sulphur, whioh remains in a state of suspension in the smoke, giviug 
to it a very peculiar milky appearance. When the gas accumulates on the tow-boat, 
the decomposition of the sulphurated hydrogen even suffices to cover certain objects- 
with a light coat of eulpbur powder. The cause of the accidental accumulation of 
gas being known, by what means can a remedy be applied T 

“The only means iifturing efficacy would be evidently to establish at the two ex¬ 
tremities of the tunuel ventilating furnaces, with movable partitions permitting the 
current to be reversed at will, so that it might always be opposed to the motion of the 
boat. This radical solution, admissible in the case of a very important traffic, would 
have necessitated, unfortunately, at the Pouilly tunnel, sacrifices out of proportion to- 
the very restricted trade, and it became, therefore, necessary to have recourse to- 
means less certain without doubt, but more economical in application. The curbs of 
the shafts have been raised 9 feet 10 inches above the surface of the ground, and the* 
heavy cast-iron gratings.have been removed, which obstructed about half their open¬ 
ing. This modification has sufficed to notably increase the circulation of air in the* 
tunnel. The shafts are 4 feet 11 inches in diameter; their axes are 8 feet from that of 
the tunnel, so that their openings do not deboucbe from the crown of the arch, where 
the gases have a tendency to accumulate. It would then be advisable, in order to ren¬ 
der the draught more energetic, to so widen the lower openings of the shafts as to join 
them directly with the crown^of the tunnel-arch. This operation performed atone of 
them seems to have produced a good result. Another very simple precaution has re¬ 
stored the confidence of the crews, who were much frightened by these accidents, tbe 
cause of which escaped them. 

“The accumulation of gas being due to an accidental coincidence of motion between 
the tow-boat and the current of air in the tunnel, it was to be presumed that by ar¬ 
resting the motion of the convoy for a few moments and closing the smoke-stack the 
cnrreut of air would resume its action and dissipate the gas. A trial confirmed this 
supposition. Instead of accelerating the movemeut, as was at first injudiciously done 
by the crew of the tow-boat, a few minutes’ detention sufficed for the current of air to 
carry the smoke and gas far in advance, and it rarely happened that the accumulation 
again became very troublesome iu tbe course of the same passage. 

“ An important amelioration, it would seem, might be made iu tbe machine itself; 
the addition of an apparatus by which the gas issuing from the smoke-stack could be 
cooled and even purified in part. This might, without doubt, beaccomplished by clos¬ 
ing the chimney and forciog the gas by means of a bellows into a reservoir, where it 
would have to traverse a circuit of a greater or less extent in contact with the water 
of the canal, amfctben expelled at the surface-level. At present the warm gases tend 
to accumulate at the crown of the arch, there forming a local atmosphere abont the 
heads of the men employed on the deck of the tow-boat. By expelling them In a cold 
condition at the water-surface, these gases, for the greater part more dense than the air, 
would have little tendeucy to rise, and would become intermingled with the surround¬ 
ing atmosphere by the movement of the boats. Tbeir contact with the water in the 
cooler would have the additional effect of dissolving a great part of the sulphurous 
acid. 

“This apparatus, the stndyof which has been asked of the constructor, not having as 
yet been established, the amelioration which we indicate has not received tbe sano- 
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tion of experience. However, and although the problem of ventilation has been bnt 
imperfectly solved at the Pouilly tunnel, the service has gone on regularly for a year 
back; and even if the men employed in this service are sometimes alit-tL incommoded 
he fears which they had conceived in the beginning have been completely dispelled.” 

M. Bazin, writiug January 25,1875,* says: 44 The servioe is performed with a perfect 
regularity, and it is exceedingly rare that any one is inconvenienoed by the gas. This 
result is doe to the experience acquired by the personnel and especially by the vigi¬ 
lance of the engineer whom we have bad since September, 186?. The personal iufln- 
ence of a good engine-man is capital. The one we had in the beginning allowed mat¬ 
ters to take their chauces, and it is without doubt to his negligence we most attribute 
in great part the sad accident which happened in the summer of 1868. T^i 8 accident, 
account of which was rendered to the administration, and probably with which yon 
are therefore familiar, took plaoe nnder the following circumstauces: The crew of the 
tow-boat and even the boatmen found themselves very much incommoded by the gts, 
which a boat with an elevated cargo contributed to retain on the convoy. The men 
collected on the tow-boat, detached the tow-lines, and abandoned the boats in the tun¬ 
nel. Unfortunately they had not been able to bring with them a boatman who was 
asleep in his cabin. This man, subjected in his sleep to the deleterious action of tbe 
carbonic oxide, against which he had not been able to bear up, had lost consciousness, 
and the others could not succeed in carrying him to the tow-boat. When they returned 
to the abandoned convoy no further effect of the gas was felt, bnt the unfortunate 
boatman, in spite of all efforts, died on the following day without return to conscious¬ 
ness. 

“ The new engine-man, who has been employed sinoe this accident, is a very careful 
person, who has himself made successive improvements in the details of the grates, 
which in the first tow-boat were certainly defective. The intervals between the grate- 
bars, the dimensions of the openings, have been so modified as always to have a clou 
fire. 

“ The first boat sent by M. ClaparMe had a steam-blast throwing a jet of steam be¬ 
neath the prate. Perceiving a production of hydro-sulphuric acid, I caused the jet to 
be placed in the smoke-stack, but the crew made no farther use of these blasts, which 
they accused of having contributed to the previous accidents. 

“According to the experience of the engine-man,it is always necessary to enter tbe 
tnnnel w ith a clear fire. If they enter with a fire imperfectly lighted and with too 
much coal on the grate, the action of the blast employed to hasten combustion will 
be dangerous. It is probable that a too rapid current of air through the flue force* 
out the carbonic oxide before it has had time to burn. Finally, although the servire 
operates perfectly at present, the question of ventilation has not much advanced. 
The tonnage which we have to move is too small to render costly experiments possible. 
I know not whether this question has been more fully studied on the St. Quentin 
Canal, where the importance of the traffio woold perfectly justify the construction of 
special apparatus. 

“ Our shafts have little depth. The neck of Pouilly is very depressed, and the maxi¬ 
mum depth is 131£ feet, which is very little for a tunnel so long. The intervals vary 
from 524 to 656 feet. In the beginning these shafts were located in couples—that is t® 
say, there were in each 656 feet two shafts 131 feet apart. A certain number of them 
were closed after the completion of the works, and generally there remains but one 
shaft of each couple. 

##*•,** « 

“It is to be regretted that, operating on such a small scale, we cannot undertake 
a complete study of this question, difficult and now obscure.” 

In the letter relating to the St. Quentin tnunel, previously referred to, is the follow¬ 
ing valuable information: 

“ In 186ssteam-towage with submerged chain, heretofore considered impossible, was 
inaugurated. Since then it has been successfully organized and perfected. It. is attb* 
present time in operation with regularity and success, by means of two tow-boats, each 
of which traverses twice per day half the snmmit-level, being about Kf miles gwisg 
and returning. When a third boat, now in con sir action, will be finished, the regular¬ 
ity of the service will be perfect, as a tow-boat in need of repairs cau be temporarily 
replaced. 

“The long tnnnel of the St. Quentin Canal, which extends from ^facqntn court t* 
Biqueval, presents a development of 18,603 feet. Shafts located at distances of 109 
meters, and numbered from tbe Biqueval eud, were excavated in its construction. Tbe 
pides of the tnnnel are protected by a masonry revetment for 9,515 feet only, being little 
more than half its length. Throughout tbe remainder the chalk forms the sides of tbe 
gallery. The limestone there is very much affected by the frost, and it has been con¬ 
sidered indispensable to stop up all the shaft*, and to complete the closure bv a 


* Letter to M. Mal£zieux, transmitted to Professor Andrews, U. S. M. A., for General 
J. G. Barnard. 
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of turning-deors, by means of which the tnnnel may be closed at the extremities dur¬ 
ing freezing weather. Tho ventilation had been imperfect a id the employment of 
steam in towing of boats had been despaired of. It has been accomplished, however, 
by the following precautions: • 

“ 1st. The 9 shafts, Nos. 5, 14, 18, 25, 29, 32, 37, 44, and 49, have been reopened. 

“ 2d. Their upper extremities have been extended bv chimneys 3 to 4 meters in height. 

“3d. The tow-boat for traversing the tuut^el burns"coke, and the use of a powerful 
blast renders the production of smoke almost nothing. 

“ The shafts are of variable depths, from 130 to 330 feet. Thanks to these precau¬ 
tions, the passage of the tunnel is effected without any person ever complaiuing of 
having been inconvenienced. As to the action of frost on the non-re vet ted sides of the 
tunnel, its effect is scarcely sensible. When the temperature lowers and the traffic is 
arrested by ice the doors of the tunnel are closed, and the circulation of air almost 
ceases. 7 ’ 

The experience of these two long canal-tunnels demonstrates a number of important 
facts. Among the number are: 

1st. That steam-towing has been successful. 

2d. That to overcome the difficulties of ventilation, special devices in the machinery 
of the tow-boat have been necessary. 

3d. That coke should be nsed. 

4th. That it is desirable to have as few steamers in operation as possible at one time 
within the tunnel. 

Special steamers will therefore be necessary, and the boats should move in fleets. 
This is true, eveu if the tunnel be wide enough for passiug everywhere, or two single 
tunue's be used. In the latter case, if the boats were to use their own steam-power, 
there would be with a full trade probably more thau thirty boats in each tunnel, all 
steamiug at once, while, if the boats were moved in fleets, there would be but one 
steamer to each fleet. Besides, these tow-boats woold have special aopliances to 
decrease the quantity of smoke and gases, which would be too much to ask of all boats 
doing business on the canal. 

Believing the necessities for special tow-boats to be evident from what precedes, 
further discussion is not attempted. 

To move boats in fleets, the method by submerged chain is undoubtedly the best. 
There is comparatively little loss of power. The method is very simple in its arrange¬ 
ment. It cousists of a chain or cable, (wire,) laid on the bottom, securely attached at 
the ends, with a tow-boat arrange I to maneuver along it. 

What is most important, it has been put to the test of actual experience, and is there¬ 
fore not at all experimental. Iu France this method has received extensive applica¬ 
tion on the rivers, and is also iu use in a portion of the Erie Canal, under the name of 
the Belgian system of towing. 

My opinion as at present formed is in favor of using a chain, on account of the 
facility of repair. A break in a wire cable would require an expert to splice it. This 
would be difficult to do if there were not considerable slack available, as there would 
not be in this instance. The chains used are made in sections, connected by links, 
which may be readily opened. The section containing a broken link may then be 
removed at any time, and a new section put in its place. A supply is always kept on 
the tow-boat for emergencies. , 

For greater security I would recommend that the tow-boat be provided with a pul¬ 
ley on each side, and that two chains be laid on the bottom at a distance apart equal 
to the width of the tow-boat. This would be very necessary in a tnunel with a cur¬ 
rent, so that if oue chain broke the fleets would still have one to hold to; otherwise 
all the boats eastward of the break would be washed into the basin of the eastern 
approach. The chain has the further advantage of greater friction on the bottom, as 
compared with the wire cable. 

The chain will have an important use in assisting, by the application of proper 
brakes, the retardation of the desceudiug fleets preparatory to hauling them into the 
recesses. Two chains will be advantageous in this maneuver. The chain always has 
a tendency to draw to the inuer side of a bund, aud if it did do so would preveut the 
progress of the tow-boat. A rapid current corrects this tendency, or, if the water¬ 
course be wide, the steering power of the boat will compel the chain to remain in the 
channel. Within a tunnel we can depend on neither of these aids, and there must be 
no tendency of this kind. 

PERFECT STRAIGHTNESS 18 NECESSARY. 

Attention is now invited to sheet No. 1 of the summit division. Mr. Hatton’s pro¬ 
posed tunnel of 1870 is laid out ou a curve, so as to decrease the depth of shafting, by 
placing them farther toward the valley than the surveyed or experimental line. By 
increasing the depth of shafting, this location could be made perfectly straight. No 
straight liue can be located within the ,; mits of the surrey of 1874 from Brush Creek 
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to the Greenbrier River direct without great depth of shafring or great diatanets 
between them. From the initial point of this direct line (designated Northern line, 
1874) to the south fork of Howard’s Creek the ravines fall to the north of the line, and 
a very good location can be obtained on that side, straight to the Greenbrier Mount¬ 
ain. The best line for tnnneling this mountain is by way of the two ravines imme¬ 
diately south of the line. But this line makes an angle with any straight line from 
Brash Creek to the Greenbrier, and is therefore not available for onr purposes. If we 
limit the depth of shafting to about 600 feet, the best straight line through here is 
from Brash Creek to a point in that ravine debouching into the valley of Howards 
Creek, north of the line, and heading near station 507 -f- 33. We would have on this 
location one shaft (eastern) GOO feet in depth, and one (western) 520 feet, with a distance 
between of 9,450 feet. 

Estimating 30 feet per month for shaft-excavation, and 100 feet for tunnel-heading, 
the time of completion wonld slightly exceed sixty-six months. The length of the 
tunnel wonld be about 50,500 feet. 

On the southern line, from Brush Creek to the south fork of Howard’s, the ravines 
fall to the south. Beyond the railroad, there is a ravine south of the line, heading 
near station 368 + 50. On the other side of the crest the ravines fall to the north, b« 
shafting may be obtained south of the line, and lower down the ravines than for Hut¬ 
ton’s location. A straight line may then be obtained from Brash Creek to Howard! 
Creek, south of the surveyed line. This line is chosen for the following reasons: It has 
much more advantageoos shafting than either of the others as to depth, distance be¬ 
tween shafts, and proximity of location to railroad ; it requires about 9.000 feet le» 
tunnel than the line from Brush Creek to the Greenbrier direct, and while the tanuel 
is somewhat longer than Hntton’s proposed tunnel of 1870*, there is saved more than 
13,000 feet of canal on the eastern slope. 

The necessity of towing the boats through the tnnnel in fleets being admitted, there 
must bo a basin pf suitable dimensions at each end. As tbe line must enter the valkr 
of Howard’s Creek below the level of the stream, ou account of water-supply, the 
basin at this end is readily obtained by building a dam at a proper point, and a basis 
may be obtained in Brush Creek Valley in the same way. 

The elevation of the tnnnel, which is the summit, should be now fixed. The eleva¬ 
tion of 1,700 feet above tide was recommended by Mr. Lorraine, and adepted for Hnt¬ 
ton’s location of 1870. On account of the expensive approach in Howards Creek.it 
has been suggested to raise the summit 20 feet. (See Mr. Latrobe’s letter to Chief of 
Engineers, supplementary to the report of the board of engineers, March 19, 1874.) 

Various considerations enter the discussion of this question. If tbe lower level be 
adopted, the basin iu Brush Creek Valley (see sheet No. 2, summit division) maybe 
formed by a dam a short distance below station 77 -+• 50, and the tunnel should de¬ 
bouch near the upper eud of the pool. This pool will have about 1,800 feet effective 
leugtb ; its total length will be somewhat more. If the higher level be chosen, the 
dam may be located at station 89, giving a pool of ai»our, the same effective length aa 
the other. There is scarcely enough difference in the capacity of these pools to bare 
weight in the decision. A basin of necessary capacity for either level may be obtained 
in Howard’s Creek. 

The valley of this creek (see sheet No. 3, summit division) below Hart’s Run to 
Caldwell’s station is narrow and tortuous. Near the poiut where Hutton's line of 
1870 debouches is a rock-spur 80 to 100 feet above the valley, and causing it to make 
an abrupt bend. From station 58*2 + 47.8 up the valley, for about 1,000 feet, high 
ground, having the character of a bluff, comes very close to the line. The level of the 
creek near here is about 1,744 feet—too high to permit it to euter the canal at tbe 
higher level. For either level, the cutting will he deep and long. It must also be 
wide if it pass aroond tbe bend ; in which case the creek should be passed throngh 
the spur. To avoid this, I recommend that the creek bo passed over the cut, and that 
the spur be tunneled for the canal. The canat and creek will then connect below. If 
we suppose the creek-bottom 4 feet above the crown of the aqueduct-arch, and that** 
feet be as little as can be admitted between the water-snrface and the crown, then th* 
water-surface can be no higher than (1720.) This is, therefore, taken as the superior 
limit of the elevation of the summit [t. e. with “canal bottom ” at (1713.)] 

We can now locate the tunnel-lines for these two levels, (1713) and (1700.) It »de¬ 
sirable to have tbe approach cut in the valley of Howard’s Creek straight, and in the 
prolongation of tbe tunnel, so that the cut may be no wider than the tunnel and the 
towage by submerged chain may be used from one basin to the other. 

The low bluff' above station 582 -f- 48 should be avoided, and in Brush Creek Valky 
the tunnel should debouch so ns to utilize the basin corresponding to the level takes. 
The eastern portal for the (1700) level is taken near the upper extremity of the 1700 
curve. The entire pool will then be below. Liue “A’’ is the line recommended for this 
level. For the (1713) level line “B” is recommended. This line has almost the identical 

* Hutton’s tunnel is *ih,.v-u leet iu length. The tuuuel now recommended is 41,505. 
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location of approach in Howard’s Creek as the (1700) level, (see sheet No. 3, summit di¬ 
vision) but debouches in the valley of Brush Creek at the upper extremity of the (1720) 
curve. These lines, as shown on sheet No. 1, are the lines of shafting. If the lower 
level be taken, it is intended the tunnel and approaches shall be north of the shafts, 
while the opposite is intended for the higher level. 

The basin iu Howard’s Creek Valley is formed in each case by a dam ju-t below sta¬ 
tion 106 -f 73 of the Howard’s Creek line. 

Each of these lines has advantages and disadvantages peculiar to itself, and it is 
thought best to place a statement of them side by side the better to judge of the merits 
of each. 


Upper level . 


Lower level . 


Length of main tnnnel, 41,505 feet. 

It is probable that shaft No. 6 of this 
line is unavailable from depth and diffi¬ 
culty of approach- 

By shafts bis , and 7, the excavation will 
require 57$ months. 

By shafts Nos. 5 bis , and 8, the excava¬ 
tion will reqnire 62.13 months. 

By shafts 1 and 3 bis, Lewis Mountain 
will be tunneled in 47.5 months. 

By shafts 1 and 3 bis , Lewis Mountain 
will he tunueled in 48f months. 

Pnmping will stop at shaft No. 1 in 
eleven months, and the eastern heading 
of Lewis Moautain will be open to the 
portal. 


Length of main tunnel, 43,040 feet; be¬ 
ing 1,540 feet longer than for higher level. 

By using shafts Nos. 2, 6, and 7 of this 
line, the tunnel may be excavated in 50$ 
months. 

By shafts 5 bis, and 7, the excavation 
will require 59$ months. 

By shafts Nos. 5 bis, and 8, the excava¬ 
tion will require 64$ months. 

By shafts 1 and 3, Lewis Mountain will 
be tunneled in 51$ months. 

The eastern heading of Lewis Mountain 
will not be open to the portal till the end 
of the twenty-second month. This is quite 
an advantage to the upper level. 


It is thus seen that, for time of excavation, the only apparent advantage possessed 
by the lower level, exclusive of lockage, is the availability of shaft No. 6, and less time 
for the excavation of the headings between shafts Nos. 3 and 4, aud between shafts 
Nos. 4 and 5, or 5 bis. In the estimates made for times of excavation, 30 feet per month 
is allowed for shafc-excavation, aud 100 feet per month for tunnel-heading. These 
rates of progress are taken the same whether*the headings be driven from deep or 
shallow shafts or from a portal. 

By omitting shaft No. 6, the upper level has the advantage in time of excavation, 
which it retains, if shafts Nos. 7 and 2 be omitted. 

In considering how far the omission of these shafts will delay the execution of the 
work, the experiences at other works of this kind are interesting. 

Mr. H. D. Whitcomb writes me as follows, relating to the Great Bend Tunnel: “Ido 
not know that I found any ditferenoe in penetrating from shafts or portals. So long as 
the hoisting-power is sufficient, there can be no material difference.” (He states very 
little water was found.) 

The earlier progress of the Hoosnc Tunnel affords no criterion of the progress to be 
here expected, and we can only nse the results from the time Messrs. Shauly commenced 
operations in 1869. The central shaft wa9 already excavated to a depth of 583 feet, 
leaving 445 feet to grade. Work commenced here May 20, 18B9, and the excavation 
reached grade August 12, 1870, in little less than fifteen months, the rate being 30.1 
feet per month. 

When it is considered that this progress was in the lower half of a shaft 1,028 feet 
deep, it may well be assnmed that the excavation will be much more rapid in the 
shafts of the Alleghany Tunnel, especially in those shafts less than 300 feet in 
depth. In the Hoosac Tunnel, 1869, the average monthly progress from portal-head¬ 
ings was 137.7 feet; in 1870,119.3 feet; in 1871, 130 feet; in 1872. 133 feet; and in 
1873,135 feet. 

Two and fonr-tenths months were employed, after the shaft was sunk, in prepara¬ 
tions for the tunnel-extension, such as trimming the sides of the shafts, repairing and 
strengthening the timbers and girders, in the removal of the pipes and pumping-ma¬ 
chinery provided by the State which were used while making the shaft, and the re¬ 
placing them by mains and pumps of larger capacity. Much of this time might have 
been saved had the original preparations been adequate. The shaft, as has been stated, 
reached grade August 12, 1870. Owing to the above delays and the breaking of ma¬ 
chinery, only 60 feet advance was made at one heading from this shaft, and 87 feet at 
the other heading, to January 1,1871. During the next year only 277 feet were driven 
from one of these headings, and 153 feet from the other. In 1872,* better progress was 
made, at one heading 1,2*% feet being driven, (in 11$ months,) while but 119 feet ad¬ 
vance was made at the other. “ The advance of this heading was suspended during 
more than ten months of the year, by reason of enforced delays arising ont of the large 
volume of water encountered, and an apprehension of developing a farther increase of 
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quantity, which would exceed the resources of the pumping-machinery provided for 
its removal.”* 

It will be seen that the progress at one heading was a little more than 100 feet per 
month, and it probably would have been as rapid at the other, bad it not been for the 
fear of water, or had sufficient pumping-machinery been provided. Even the former 
shows much less progress than the portal-headings. Shafts 2 and 6 are more difficult 
of access than Nos. 1 and 5, or 5 bis, and preparations conld not be made at the former 
as soon as at the latter. 

Referring now to the profile of line A, (sheet No. 1, summit division,) we see that 
by our original assumption the headings between shafts Nos. 5 and 6 will meet at a 
point 1,343 feet from the latter, and shaft No. 6 will be nsed for the excavation of 2 
feet of tunnel to this time. 

If shaft No. 5 bis be nsed, instead of No. 5, the headiogs will meet 93 feet from shaft 
No. 6, and only l,H6G feet will be excavated by means of this latter shaft up to this time. 
The time saved by the use of shaft No. 6, as computed, is nine and one-fourth months, 
but the practical saving would undoubtedly be less than this, on account of the greater 
accessibility of the shorter shaft and greater liability to accidental contingencies of 
the longer one. 

Merely a 9 a matter of opinion, I would say the real saving of time would be about 
6 months. 

We will assnine 6 months’ saving of time. Shafts No. 5 bis and 7 of line B differ 
little in their circumstances from the corresponding shafts of line A, the former being 
20 feet less in depth, the latter 40 greater. The computed difference in time of exca¬ 
vation is months in favor of line B. We will call it 2 months, omitting the i,as 
the advantage which shaft No. 7 of line A has over shaft 7 of line B. Line A would 
then have but 4 months’ advantage over liue B in time of execution in the tunneling 
of Kate’s Mountain. Assuming equal progress at all shafts and all headings, the head¬ 
ings between shafts No. 1 and No. 2 of line A would meet at a point 633 feet from shaft 
No. 2, and 1,366 feet of tunnel up to this time be excavated through this latter. TV 
time saved by this shaft is computed at6.H3 months. If we suppose the same decrease 
of time saved ih practice as was assumed for shaft No. 6, line A will present no advan¬ 
tage whatever in the time of tunneling Lewis Monntain over line B, even if we sap- 
pose shaft 2 to be used in the former and omitted in the latter. 

The shore tunnel in Howard’s Creek Valley is 56 feet longer for the lower than for 
the higher level. • 

The final determination of the cross-section of the tunnel should now be made. 

If passing-places be decided upon, that fact should be taken into consideration. 
That ttie towing should be by submerged ebaih is assumed. The boats should then 
follow the axis of the tunnel, and the widths of tnrn-outs shonld be sufficient to admit 
of boats passing easily. The width of boats is taken at 23 feet 6 inches. For the main 
tunnel section, the printed form, as suggested by Mr. Latrobe, is the best, affording 
good heights, with least excavation, besides being the shape which the excavatkn 
will naturally assume. 



Onr estimates for the power neoessary f »r the tow-boat have been made for a sap 
posed water-way 31 feet 6 irches in width at the surface and 11 feet deep. With the* 
data, the adjoined diagram of section at turn-out is coustrncted. 

•Report of standing committee on the Troy and Greenfield Railroad and Hooaac 
Tunnel for 1872. 
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The height of the crown of the main tunnel is assumed 24 feet. 

One-half the width of the main tunnel section is. 15'.9" 

One-half the width of boat is. ll'.9"- 

Clear space between boats.... P.9" 

Width of boat in recess. 23'.6" 

Wooden fenders built in the wall of recess (to preserve boats from injury by 

the waves) projecting. O'.3" 


Total width (water-surface) at recess. 53'.0" 


This is, certainly, as little width as cun be given with the assumed widths of boat 
and of main tnnnel. 


Cost per foot of ordinary tunnel — 

Brick. $56.66666 

Btone.:. 12.21629 

Excavation. 182.77777 


251.66074 


Cost per foot of recess— 


Brick. $79 20 

Stone. 13 04 

Excavation. 242 95 


435 19 
251 66 


Excess of recess over ordinary tunnel. 183 53 

This section is taken as the basis for estimates. 

The lower level exceeds in cost the npper level by the following items: 

1,591 feet of tunnel, at $251 f per foot. $400,401 67 

252.415.82 cubic yards of rock-excavation, at $1 per yard. 252,415 82 

75,159.74 cubic yards of loose rock-excavation, at 50 cents per yard. 37,579 87 

1,140 feet of shafting, (10 by 40 by 1,140,) 16,888,889 cubic yards, at $10 per 

yard. f. ...... -...... 168,888 89 

358.82 cubic yards of dam masonry, at $8 per yard. 2,879 81 


Total.. 862,157 06 

This is partially offset by the following items, in which the npper level exceeds the 
lower in cost: 


9,714.17 cubic yards embankment, at 25 cents.- $2,428 54 

8,635.35 cubic yards excavation, at 30 cents. 2,590 60 

12,888.90 cubic yards lock-masonry, at $9. 116,000 10 

Lumber for 7 locks, at $3,400. 23,800 00 

Gates and miter-sills, at $3,150 . 22,050 00 


Total. 166,869 24 


The oost of the lower level we see to be nearly or quite $700,000 in excess of the 
higher, while the saving in the time of excavation will be, at the outside, but months. 

Considering the cost of the entire line, I do not think the lower level to possess suffi¬ 
cient advantages to balance this excess of cost, and the level of 1,713 feet above tide is 
therefore recommended. 

If the boats be passed through the tunnel in beets and tum-onts be adopted, the 
times of departure should be at equal intervals. The proper intervals between the 
departures of successive fleets should be established before determining the number 
and dimensions of the turn-out9. The convenience of commerce requires that it be as 
short as possible, while the minimum expenditure of power requires that fleets be as 
large as can be bandied easily. We will suppose the interval to be two hours; assum¬ 
ing eight lockages iu this time in each direction, the fleets will consist of eighjt boats. 
Two fleets will then emerge each two hoars, (one from each portal.) In the formula 
#t =Nt%N will then equal unity; n will coo form to v. For economy of power the rate 
of movement should be slow, while economy of construction requires that it should be 
rapid. 

The following table (IV) is formed by reducing the velocities in Table I to 1 mile 
per hour, assuming tha resistances to vary as the squares of the velocities, and taking 
the supposition as correct that the resistance for the first boat per unit of submerged 
section is double that per unit for the succeeding boats of the same fleet. Experiment 
6 is omitted, as the fleet w as formed of rafts. 
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Table IV. 


Number of exj eriment. 
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\ 1 
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C 
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( 490.6 

ISC 

1 1 

D 

E 

5™. 12 


144.24 

C 560.4 
l 519.3 

4 0*4 

xm 

C 2 

1 F 

) 1 



( 564. 8 | 

28» 

< 2 

1 H 

>68.69 

57.03 

1 194.83 | 

< CH8.5 i 

xm 

i 2 

1 I 

s 



|( 599.6 
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$ a 
l * 

! K 

I 63. 66 

73.73 i 

205.05 | 

4 760.6 

\ 693.7 

3.W 

! xm 

C 2 

M 

' 69. 96 



( 634.4 

2.793 

< 2 

N 

87.19 

227.11 

< 793.6 

14?4 

< 2 

0 

> 


i 

( 656.2 


4 3 ! 

\ 3 

T 

U 

171. 04 

130.78 

2*2.86 ! 

4 1, 04a 6 
) 1,02L5 

3,843 

1 3L7?0 

( 3 ! 

V 

) 



( 1,036.8 

xm 

< 3 

W 

>72.66 

135.63 i 

280.95 

< 1.171.9 

4,171 

* *| 

x 

S 



1 1,151. 6 

4.09 

7 

Y 

1 

74.47 

| 401.50 | 

550.44 

1, 906.7 | 

xm 


The arrangement of this table has made apparent a fact which had escaped atten¬ 
tion before, viz, that in those experiments in which three results are given, the second 
shows invariably a greater resistance than either of the others. The direction of 
movement of the different boats or fleets was the same in all, and the second result 
refers to the middle of the tunnel, where the resistance was then greater than at either 
end. In the second, fourth, and seventh experiments, the first velocity and resistance 
noted were near the middle of the tunnel, the secood nearer the farther end, thus 
confirming the indications of the first, thifd, fifth, and eighth experiments. 

In the ninth experiment the space passed over was from near the middle to near the 
end. It is necessary, therefore, in discussing the results of such experiments, to con¬ 
sider this fact, and not to compare the data furnished from different portions of the 
tunnel with each other. It is to be inferred that if the tunnel were longer , the resistance 
near the middle would be still greater than here noted . 

Considering the small number of experiments, this table demonstrates in a remark¬ 
able manner the deduction of M. Bazin from Table I, which is, that the co-efficient of 
resistance for each boat following the first in a fleet may with safety be taken as one- 
half this co-effioient for the first boat. 

The third part of the eighth experiment is apparently an exception to this rnl*> but 
in this part the point of departure was 640 feet nearer the middle of the tnnnel than 
the point of departure for the third part of the first experiment, though the terminus 
was the same in each case. 

An inspection of Table IV would seem to show that in onr calculations for the power 
necessary for our tow-boat, we may assume 5 pounds resistance per unit of total sob- 
merged area [=(84-1) (23'.5x6'.5) =1374.75,] and the total resistance for 1 mile per 
hour =6873.75. With the proposed area of water-section, I estimate that the current 
through the tnnnel would be one-third mile per hour to feed the canal east of the 
summit-level. If we suppose that one-third mile per hour will be necessary, in addi¬ 
tion, to overcome this current, there will be required 12,220 pounds total traction. 

Labroussi deduces the following formula for the useful effect of trac:ion with sub¬ 
merged chains: 



H represents the depth of water in meters, but is really the vertical distance from 
the bottom to the poiut where the chain leaves the pulley. We will be safe to as- 
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BUtne this distance at 5 meters. The tension of the chain as it leaves the policy (which 
is the resistance to be overcome by the machine neglecting its own friction) is then 
12,338 pounds. The work of the machine at this point will be, say, 44.1 horse power. 

In these estimates the resistance of the tow-boat itself has been neglected, but we 
have considered the westward-bonnd boats alone, and supposed each to be loaded to 
6 feet 6 inches. It is probable that the draught of even heavily-loaded boats will not 
exceed 6 feet 4 inches, and many of the westward boats will be lightly loaded. 

I think two-thirds of the above estimate of total submerged area are to be sufficient 
for westward fleets. The actual velocity of 1 mile per hour being obtained, one turn- , 
out per mile will be necessary. 

At times, if sufficient water flows in Brush Creek after heavy rains to supply tempo¬ 
rarily the quantity necessary for the canal to Dunlap’s Creek, (in which the water will 
also be high,) there will be no current in the tunnel, and the formnla n=N (r -f- n 1) 
must be satisfied. Substituting for n and N their values, we have v -f t = 1; that is, 
the time of passing from one turn-out to another, (being one mile apart,) added to the 
time lost at a turn-ont, must not exceed one hour. We have calculated the resistance 
for 1} miles per hour; v will then be $, aud t must not exceed £.of an hour, or 15 min¬ 
utes. This would seem ample time for the maneuver at the turn-out in still water. 

The next thing to be considered is whether the strain may not exceed the strength 
of a chain of ordinary dimensions. If we neglect the friction on the bottom, the 
greatest strain occurs when all the fleets moving in the same direction are alone uBing 
the chain. This will happen when the eastward fleets are all in the turn-outs at once, 
which may frequently occur. We must then provide sufficient strength for 5 fleets. 

A chain employed on the Upper Seine* is made from 0.886-inch iron, and sustained a 
test-strain of 2(5,448 pounds before use. This chain weighs about 7.6 pounds per run¬ 
ning foot. 

Lagrec6 assumes the friction equal to one-half the weight of the chain; about one- 
eeventh must be deducted for loss of weight in water. The friction would then be 
more than 3£ pounds per running foot, aggregating 16,926 pounds per mile. The dis¬ 
tance between fleets would be 2 miles, and, therefore, the tension would become 
zero before half this distance were reached, as we have found the tension for each fleet 
to be 12,220 pounds. 

Labrousse mentions an instance in which, if we suppose a force of traction of 2.2 
pounds necessary on an open canal for each ton with a velocity of 3.28 feet per second, 
the friction must have been 0.58 of the weight of the chain on the bottom. Or, sup¬ 
posing this force of traction but 1.1 pounds, the friction would be 0.29 of this weight. 
Under this latter supposition the resistance would aggregate 20,365 pounds in the dis¬ 
tance between 2 fleets, and the tension would become zero in about 6,332 feet ahead of 
each tow-boat. It is, then, more than probable that the tensiou necessary on the chain 
will at no time exceed the tension necessary for one fleet, which we have seen is less 
than 50 per cent, of the test-strain of the chain in use on the Seine. 

The strength of the chain is then an assured matter, assuming the net velocity of 
movement at one mile per hour with 8 boats iu tow. Assuming four lockages per 
hour as the maximum trade to be provided for by turn-outs, we will now compare the 
2-hour iuterval with others, viz, 4, 3,1$, and 1 hour intervals, supposing the tow-boats 
in each case to work to 44.1 horse-power, (effective.) Table V shows this comparison. 


# Lagrene. 
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It is-thus seen that for this power of tow-boat, economy of construction is on the 
side of small fleets or short intervals. The 3 and 4 hour intervals are rejected. We 
can provide for the assumed trade with this expenditure of power by either of the 
three latter intervals, and with little difference of cost; for the 2 hour interval will 
require 4 less steamers, and the labour interval 3 less steamers than the one-hour 
interval. The original cost of these steamers, with wages of ciews, running expenses, 
and repairs* will go far to remove the inequality. It may be interesting to note the 
phase tue question takes by assuming the same tension of chains for the three latter 
intervals; the tension assumed is that for the 2-hour interval, 12.338 pounds: 
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Under this supposition, the 2^hour and l^-hour intervals remain the same in regard 
to cost. The cost in the 1-bour interval is reduced $122,389.80, the number of steamers 
necessary is reduced by 1, but the power of each tow-boat is increased 14.ii horse-power. 
If we suppose the friction one-hslf the weight of the chain ou the bottom, it would 
amount m the distance between fleets to 13,123 pounds with the chain in use ou the 
Seine, being but 765 ponnds more than the tension assumed. Deducting the amount 
of chain raised from the bottom by the tow-boat, these two forces would be about the 
same. But if the friction should be less than oue-half the weight, the surplus tension 
would be transmitted forward, and the accumulation from the different fleets might be 
more than a proper chain should be subject to. High velocities with short intervals 
should on th»s account be avoided. Low velocities with short intervals effect no sav- 
ing in cost, while rendering ventilation more difficult because of the greater number 
of steam ere required. 

All things considered, the labour interval with the lower power is recommended as 
the arrangement to be adopted in the method by fleets and passing-places. It reqnires 
1 more steamer than the 2-hour interval, but a higher velocity can be more safely and 
easily obtained should it become necessary from any cause; and the saving of time 
will amount to a good deal in a yearns trade, sufficient to provide for the greater diffi¬ 
culty of ventilation, should a difficulty of this kind arise. 

By spacing the turn-outs at distances of 4,435 feet, as required by Table V, beginning 
at the eastern portal, the ninth turn-out will be about 1,700 feet inside th* west portal, 
the tenth will be between the first and second crossings of Howard's Creeks and the 
eleventh will be within the short tunnel. The proper place for this last turn-out, being 
the first approaching from the west, is below the short tnnnei, where the boats will 
naturally collect and form tows. If this tarn-out be placed here, and eleven turn-outs 
he used, one of two alternatives must be adopted: either the turn-outs must be placed 
farther apart than 4,435 feet throughout the line, or one turn-out roust be located be¬ 
tween the main and short tunnels, and the open cut be made sufficiently wide to de¬ 
crease the resistance, so that sufficient speed may be obtained here to make up for the 
greater distance between turn-outs. This first is not advisable. The second is more 
expensive than the excavation of an additional turn-out in the open cut. Accordingly 
the first turn-out Horn the west, which is but a harbor for the formation of fleets, is 
placed below the short tunnel; the third is immediately outside the west portal of the 
main tnnnei. Nine turn-outs will be necessary within the long tunnel. There is suffi¬ 
cient available space in a straight line outside the east portal for tbe formation of a 
fleet of six boats, still it is desirable that it should not be necessary for the fleet jnst 
formed to enter immediately on the exit of the eastward boats. It is well to have a 
margin of time to remove the eastward boats out of the way; to attach the westward 
tow-boat to the chain, and to assure a proper condition of its fires before entering. To 
provide this margin of time,tbe first turn-out from the east portal should be at a less 
ditance from the portal than the distance between tura-outs. By spacing the turn-oats 
at distances of 4,350 feet from center, to center, which is 85 feet less than required by 
Table V, beginning at the turn-out just outside the west portal, the conditions seem to 
be fulfilled in a reasonable manner. 

The second tnrn-out in Howard's Creek Valley is located above the aqueduct for pass- 
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ing tbe creek over the cut and on the side opposite the creek. The creek is to be turned 
into the sloughs about opposite the portal, and where necessary the earth excavated 
from the tunnel-approach will be formed into a dike to prevent floods from flowing 
into the cut. The cut is to be arched over for a distance of 1,200 feet above the short 
tunnel, to pass Howard’s Creek and its floods. The dike will terminate at the upper 
extremity of this arching. The connection of the creek and canal below the shon 
tunnel iB to be made as follows: The creek-bed will be excavated for 600 feet up¬ 
stream to a width of 80 feet, the lower half to the level of canal-bottom, the upper half 
to the level of the comb of the dam below, viz, 1,721. Across the lower end of the 
upper half will be a dam 5 feet high, which may be natural if tbe rock be met with 
and will permit it. This dam will nave a gate, which may be opened at low water, 
permitting the artificial pool above to be draiued oft, when the sand and gravel brought 
down by the creek and there deposited may be removed. 

A supporting-wall for the movable materials for the creek-bed above will probably 
be necessary to keep them out of the catch-gravel pool. 

The Howard’s Creek dam is located below Caldwell Station, where the valley widens 
out as it approaches the Greenbrier. This location, though requiring a dam about 40 
feet in height, seems to be the best. I at first thought of adoptiug a location near 
station 67 -f- 71.2, which would require a dam about 15 feet high. But this would ren¬ 
der necessary tbe constructing of more than 1,200 feet of feeder over very bad ground. 

In leaving this dam one of two methods might be adopted: 

1st. A guard-lock at the dam on the left of the valley; then a out not less than 30 
feet deep for a quarter of a mile, and an aqueduct over Howard’s Creek. 

2d. Lock dowu from dam on the left aud outer, near the mill, the pool of a dam 
located at the adopted site. 

Either of these, with the extra feeder-oanal, would undoubtedly be more expensive 
than that recommended. A flight of two locks is uecessary at the dam. 

The canal joins the Greeubrier division in the pool of a dam, description of whkb 
will be givm in the report of that division. The lock at the Greenbrier is 14 feet lift 

There will be required east of the summit the following amount of water: 


Cubic fret pe 
minute. 


Evaporation and filtration, sixteen mijes, 200 cubic feet per mile per minute.. 
Lockage, (supposing six lockages per hour aud oue look-full to each,) = [14 

X 24 X 120] x 120 equal 241,020 cubic feet per hour. 

Waste at structures. 

Leakage at gates. 


oUU 

% 


Total 


9,732 


McNeil found the minimum flow of Dunlap’s Creek to be 9.43 cubic feet per second 
= 505.8 cubic feet per minute. The tunuel at the time of minimum flow would be 
required to deliver 973— 505.8 = 9153.2 cubic feet per minute. The area of its water¬ 
way is 338.25 square feet, and the velocity, therefore, should be 27.1 feet per minute, 
say | mile per hour, (= 29fc feet per minute, delivering 9,709 cubic feet per minute.) 

The distance from Howard’s Creek dam to Brush Creek is somewhat short of GO,Oft) 
feet. The fall necessary in this distance for a velocity of 30 feet per minute is f of s 
loot, nearly. To pro vice for this fall, and also to correct in a degree any irregularity 
of feediug, the comb of the dam in Howard’s Creek is established 8 feet above canhl- 
bottom— i. e., at reference, (1,721.) The comb of the dam in Brush Creek Valley is lobe 
one foot higher than this, to prevent excessive waste of water over it by the warm 
lormed by the eastward fleets. The top of the lift-wall of the lirst lock is on a level 
with the bottom of the tunnel, so that uavigatiou may uot cease as long as there be 
sufficient wat-r therein to float a boat. This will still further tend to correct irregu¬ 
lar! ties of feeding. 

The conformation of Brash Creek Valley requires that the locks for entering and 
leaviug the basin should be ou tbe hill-side to the right of the dam, while the canal 
should be on the left of the creek, below station 77 -f- 50. Accordingly, a dam i* 
located near station 77, from the pool of which the boats leave by a flight of thrw 
locks. To prevent waste of water, the comb of this dam is 8 feet above canal-bottom. 
Tbe flights of locks at both dams are double. The lift of all looks in Brush Creak Val¬ 
ley is 8 feet. The levels are uecessaiily short, and the overfalls should be so arranged 
as to retain rather more than the necessary depth of 7 feet. Throngh a good part of 
this distance, a dike will be necessary to restrain the floods of Brush Creek. This dike, 
also serving the purpose of embankment to the canal, should be several feet above tbe 
creek-bed. For this reason, tbe excavation in this valley is generally of little depth, 
which permits the levels to oe wider thau the ordinary canal, niakiug up somewhat 
for their little length. 

The connection with Lorraiue’s location is made in a pool in Dunlap’s Creek. 1 
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wonld recommend the pool of this dam, as well as the others in Dunlap’s Creek, to be 
8 feet above canal-bottom, to prevent waste of water aud to correct irregularities 
of feediug. A riprap protection is estimated for on the upper part of the dike, where 
the channel-way of the creek is somewhat restricted in width. Below the last lock, a 
loose-stone breakwater is provided on the up-stream side, to protect the boats at the 
tail of the lock from the current in Dunlap’s Creek during high water. 

The feeding arrangements are next to be considered. The maximum lift of lock east 
of the summit is 14 feet, which is also the lift of the lock connecting the snmmit with 
the Greenbrier division. Taking this lift as the unit of lockage, supposing 6 lockages 
per hour, each requiring two locks full of water, there will be required each hour for 
lockage, (2 X 6) (14 X 24 X 120) — 483,820 cubic feet, equal. 8,064 cub. ft. per min. 
Evaporation and filtration, 2d miles, at 200 cubic feet per mile. 5,000 cub. ft. per min. 

Eor leakage at lock-gates.-. 4,000 cub. ft. per min. 

Waste at structures. 1,000 cub. ft. per min. 

___ » 

Total. 18,(564 cnb. ft. per min. 

Say, 320 cubic feet per second as the quantity to be delivered at the summit by the 
feeder, if we neglect the flow of Howard’s and Dunlap's Creeks. 

Mr. Huttou’s proposed location for feeder-dam for the (1,700) level is near the mill- 
dam above dam A, (Sheet No. 4, summit division.) From there the feeder-canal was 
proposed to keep to the hill-side on the left of the valley, aud to pass rotiud the point 
near the Greenbrier bridge, uniting with the canal below station 106 -|- 76 of the How¬ 
ard’s Creek line. (Survey of 1874.) 

Mr. Latrobe suggested the adoption of a feeder-tunnel through the point about 
opposite station 115 -+- 05 of Howard’s Creek line. An examination w’ith this view of 
saving feeder-canal by tunneling the point, led to the discovery of the cut-off by the 
ravine from the Greenbrier, between dams Nos. 1 and B. A tunuel bore 1,310 feet in 
length will save at least 7,600 feet of feeder on very bad ground, besides 7.6 feet in 
height of feedcr-<lam. 

The location lor a feeder-dam at the bluff, near dam B, is not available for the 1,713 
snmmit at least. For this level the dam would be about 50 feet in height, with a 
^uard-bank more than 1,500 feet in length, the river-end of which would lie about 60 
feet high. The pool would he of no use as a reservoir, for, of course, the water could 
not be draw’ll otf below the level it is intended to supply. The location near station 
108 is recommended. No guard-bank w’ill be required and no valuable ground will be 
overflowed. 

The normal level of the water-surface on the snmmit is 1,720 feet. This level is taken 
as the bottom of the feeder, where it discharges into the Howard’s Creek pool, and 
the slope of the bottom is assumed at one foot in one thousand feet. 

A rectangular section (18 x 5 = 90 square feet) is adopted as the standard. This 
with a slope of T „ l ()fr will give a velocity a little in excess of 4 feet per second, deliv¬ 
ering 360 cubic feet in that time. The sections of the feeder-tunnel at the Greenbrier 
eud are showu by the figure auncxed. 



The arch is horizontal and the bottom falls for the necessary slope. A dam is pro¬ 
posed across the ravine at the Greenbrier end of this tunnel, which will provide a 
waste-weir at this point. The bottom of the tnnnel at this end will be 1,721.5 above 
tide. Five feet of wrater will make the surface-elevation 1,726.5. The top of the 
waste-w’eir is established at 1,727, and the feoder-bottom at station 24 is takcu 1,722. 

The dam should have a gate so arranged «bat the pool may be drained, aud the sedi¬ 
ment brought down by the feeder washed into the river. 

The excavation to the ravine above dam A \vi 11 be mostly in red shale. The cross- 
section at station 24 may be taken as the type of this portion. It is recommended 
that a wall be bnilt on the river-side 7 feet in height (see cross-section station 2t) 
And feet in width, restiug on a foundation of concrete 2 feet thick, and that the exca- 
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vafcion be made 18 feet in width on the bottom. The bine line from waste- weir to feeder- 
dam (Sheet No. 4, Bn ram it division) is the outer edge of feeder-bottom. Eleven culv@ts 
will be required on the feeder-line. 

The wall on the river-side of the feeder ends at station 72 + 50. Above this for some 
distance embankment is considered preferable in view of expense. To prevent excess¬ 
ive waste of water from the feeder the following is recommended : The excavation 
to be made 1 foot below feeder-bottom, then about 9 inches of puddle-clay carefully 
laid on this, about 2$ inches of stone, broken small, to be laid and lightly rolled, then 
a layer of hydraulic mortar to be thrown on and rammed carefully, so as not to disturb 
the broken stone. I should fear that puddling alone would be washed away by the cur¬ 
rent. The iuner slope and outer slope (when embanked) to be paved to 7 feet above 
bottom. 

Paving to be 6 inches thick, laid in mortar. 

• ANALYSIS OF COST PER RUNNING FOOT. 


One-sixth yard broken stone, at $1.$0:17 

One-half yard puddling. 0.25 

One-quarter barrel cement.*. 0.40 

Two cubic feet sand. 0.05 

Laying broken stone. 0.03 

Laying and mixing mortar .. 0.10 


Total per running foot. 1.00 

Paving per running foot. 1.50 


The length of canal to be filled from the summit feeder or feeders is, in ronnd num¬ 
bers, 150,000 feet. In this length are eight pools in Dnnlap’s Creek, two iu Brash Creek, 
and one in Howard’s Creek, aud the canal in Brush Creek has a section larger than the 
standard adopted. The tnnnel water-way has less sectional area than the canal sec¬ 
tion. Supposing the average throughout the line to be the oanal section = 441 square 
ieet, there will be required to fill the summit division 60,150,000 cubic feet. 

If we suppose while filling the caual the losses by leakage at gates, evaporation, aud 
filtration to equal the amount supposed when estimating for permanent expense, 160 
cnbic feet per second would be required to supply these losses. The feeder will deliver 
300 cubic feet per second. If we neglect the flow of Howard’s aud Dunlap’s Creeks, 
200 cubic feet per second of the feeder-delivery will be the available net amount for 
filling the trunk of the canal. The time required would be somewhat less than four 
days. This would not seem too long, as some time is required to permit the boats to 
approach from below. 

If artificial ventilation should at any time be necessary, the simplest method 
would be to utilize the summit-supply of water to provide the power. For the upper 
level, the Greenbrier feeder is not available for this purpose, except at the great expense 
necessary to build a louger feeder. This feeder would be available for the lower level 
through a fall of 12 to 13 feet, but the power would be about two miles from the por¬ 
tal, and this extra length of pipes would be uecessary.* 

Lorraine made surveys for and located reservoirs on Howard’s and Jerrico Creeks, 
and on Tnckahoe Creek, and presents the following tablet of the contents of each: 


Reservoir. 


Howard’s and Jerrico . 

.! 246 9.276,410 

6.750 1 

1 33.573,870 

13 429.54? 

Tuckahoe. 

.j 159 : 7,693, 464 

9,522 

! 

47,361,539 

16,944, GW 



The Howard’s and Jerrico reservoir contains 250,463,070 cubic feet, which would sup¬ 
ply 581 cubic feet per minute = 36,512 foot-pounds per foot of fall. We can get 60 
feet of fall at the west portal, which from this reservoir would give 2,190,720 foot¬ 
pounds per minnte; 75 per cent, of this would be 1,643,640 foot-pounds per minute, 
nearly 50 horse-power. 

The Tuckahoe reservoir contains 207,723.528 cubic feet, which would supply 480 cubic 

* This availability of the Greenbrier feeder is an advantage possessed by the lower 
level not mentioned heretofore. 

tl am indebted to Mr. J. M. Harris, superintendent James River and Kanawha Com¬ 
pany, for this table. 
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fret per minute for 300 days = 30,000 foot-pound9 per minute for each foot of fall. The 
site of this reservoir is now cut up by railroad, but more than one-half the above con¬ 
tents could probably be counted upon—15,000 pounds per minute through a fall of 00 
feet would give 900,000 foot-pounds per minute, 75 per cent, of which would be 20£ 
horse-power nearly. It would not always be necessary to draw from the contents of 
these reservoirs, as on many days the flow of Howard’s Creek would supply all the 
power necessary. Some of the water from these reservoirs would be lost by evapora¬ 
tion, &c., before arriviug at the portal. But the natural drainage pertaining to them 
will supply much more than double the quantity supposed to be used. 

It will lie observed that while arranging the tunnel for four lockages each way per 
honr, the estimate for the water-supply has been made on a basis of three lockages 
each way per hour. If there be but three lockages on an average, it would probably 
occnr frequently, as the fleets most start promptly on time, that a boat slightly behind 
time lor one fl et would with rapid lockages in the next interval form a fleet of six 
boats, and those fleets which move the slowest regulate the rate of progress through 
the tunnel. Then, as now arranged, the maximum lift of lock is 14 feet. Six lock¬ 
fuls would most probably be sufficient for this lift, as boats cannot be so readily passed 
as through locks of les9 lift, and there must be some alternate passages. 

If eight lockfuls be really necessary, the amount of water to supply the summit 
division, the losses being as supposed, will be 356 cubic feet per second, which is less 
than the delivery of the feeder. We have, besides, the flow of Howard’s and Dunlap’s 
Creeks. 

If required, the depth of water in the feeder may be made more than 5 feet, thns 
increasing the delivery. The velocity in the tnnuel would be increased. If eight 
lockfuls be necessary, the amount required east of the summit wonld be 11,076 cubic 
feet per rninnte. Deducting the minimum flow of Dunlap’s Creek, the remainder, 
10,511 cubic feet per minute, would be the amount, to be delivered by the tuunol. The 
velocity wonld be 31.1 feet per rninnte,(= 1,8<>6 feet per hour, say -ft miles= 1,920 
feet.) The necessary borse-power for tow-boat won d be 44.72 horse-power, an increase 
of but 0.62 horse power over the amount estimated for. 

I would recommend that the lifts of the locks in Dunlap’s Creek Valley be changed 
to decrease tlie maximum lift. If 8 feet should be adapted throughout the liue, the 
quantity of water required east of the summit, supposing eight lockfuls to be neces¬ 
sary per honr, would be decreased 2,304 cub e feet per minute. The amouut to be de¬ 
livered by tlie tunnel would b^ 8,207 cubic feet per minute, and the power necessary 
for the tow-boat won hi be 37£ horse. 

If a reservoir were constructed on Dunlap’s Creek of sufficient capacity with the 
flow of the creek to 8Upply the losses from evaporation and flltration below the mouth 
of Brush Creek, the amount to be delivered by the tunnel would be still further 
reduced by 2,822 cubic feet per minute, and the power necessary for the tow-boat 
wonld be only 3l£ horse. This reduction of power would materially diminish the con¬ 
sumption of fuel iu the tunnel, aud to that extent relieve the ventilation, besides de¬ 
creasing the running expenses and first cost. 

The reservoir necessary wonld not be large. McNeil found the average flow of Dun¬ 
lap’s Creek, from August 7 to September 27, 1826, to be 19 cubic feet per second; and 
from the 17ib of May to June 16, 1827, the average was 94.41 cubic feet per second. 
The amount required would bo less than 50 cubic feet per second. This is a matter to 
which attention should be direcWl while the tunnel is being excavated. Lorraine 
made a survey for a reservoir on Cove Creek, and it is one of those shown on his map 
of the summit, but I cannot learn that he made an estimate of cost or left any record 
of its capacity or area of draiuage. During the spring, fall, and winter seasons there 
is no doubt that Dunlap’s Creek will provide the necessary supply. These being the 
times of greatest trade, it may be that uo reservoir will be required, and that the power 
necessary, measured on the chain, will be at all times less than 40 horse. If the com¬ 
merce of the liue should decrease during slack tradoto six lockages per hour, the inter¬ 
vals between fleets can be increased to two boors, when the effective power necessary 
will be 27.3 horse. 

In closing this report I would make some remarks on the apparently great difficul¬ 
ties attaching to the construction of the summit tunnel. 

A tunnel of the length proposed (nearly eight miles) is no new or experimental mat¬ 
ter at all. The Mount Cenis tunned is nearly as long as this, while the Saint Gotbard 
tunnel through the Alps, now being excavated, will be about 8,000 feet longer. At 
neither of these tunnels could shafts be found to expedite the construction, while the 
Alleghany tunnel will have ten or twelve of moderate depth, thns dividing the long 
tnnuel practically into a number of shorter ones. The deepest shaft is 400 feet less 
depth than the central shaft of the Hoosac tunnel. 

The rates of progress at shafts and at headings are assumed at 30 feet per month for 
tbe former and 100 feet per month for the latter. The progress at the central shaft of 
tbe Hoosac tunnel, as mentioned, was 30.1 feet per month, while tbe excavation was 
carried on in the lower half of a shaft 1,028 feet deep, at which insufficient preparations 
liad been made for the proper construction of the tnnneL 
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Mr. H. I). Whitcomb writes me as follows: “ The 370-foot shaft at Great Bendtonnel 
is the best guide I have to ollVr for progress in a deep shaft. It was removed by con¬ 
tract to a deptli of 70 feet. The remaining 300 feet was sunk in six months. Some 
of the rock was a very hard sandstone. I tiriuk the best progress made was about TO 
feet in one mouth.” 

I have not the slightest donbt the Alleghany shafts could be snnk at the average 
rate of r»0 feet per month easily. Mr. Whitcomb informs me that the greatest progress 
he remembers (in heading) at Great Bend was 180 feet per month. “ In very hand 
sandstone in that tunnel we made 80 feet. A fair average would be 125 feet In the 
Lewis tunnel, I suppose 05 feet would be a tair average without machinery, *. r, with¬ 
out machine-drills.” Subsequently be wrote: u Mr. Talcott says he thinks I over¬ 
estimated the average progress at headings, *. e., counting all delays. He says: ‘Ao 
average would be 100 feet per month. But I will add that the contractor was inexpe¬ 
rienced, and I feel sure that another such tunnel would be driven faster.’ ” 

The Great Bend tunnel was, I believe, excavated by hand-drills. The progressat 
the Hoosac tunnel was about 130 feet at portal headings, and would have been more 
than 100 feet ftom the deep shaft if sufficient pumping-machinery had been provided. 

At the Mount Ceuis tunnel the average monthly progress at headings, from led! to 
1670, was as follows: 


Feet. 

1604 .146.0 

1605 .106.3 

1800.140.1 


, Fert. 

1607. MS 

1808. 18U 

1870. 2*233 


For the entire seven years the average monthly progress was 180 feet at a beading. 

The Saint Gothard tunnel through the Alps is the last great enterprise of the kind 
put in execution, and will be 40,733 feet in length. Iu 1874 the average monthly pro?- 
ress at a heading was 217.0 feet. For the first four months of 1875, (the last con¬ 
nected account 1 have seen,) the average daily progress was more than 1U feet, and,ia 
September, 1875, the last report I have found, the progress was 419 feet at one heading 
and 344 feet at the other. 

We have every reason to expect more rapid progress at the Alleghany tunnel thin 
has been assumed. 

Attention is particularly invited to the profile of the recommended line. The deep¬ 
est shaft is about 000 feet. If this be used, there is no doubt whatever that the western 
heading of Kate’s Mountain will be open to the portal iu two years. Twenty-tire 
aud three-fourths months ia the estimated time, assuming progress at shafts at 3** fee* 
per month and 100 feet at headings. 

If shaft 7 bis be used, Kate’s Mountain heading (western) will bo open to the portal 
in less than 20 mouths. 

The eastern heading of Lewis Mountain will be open to the portal in less than 11 
months. 

At the end of the second year the work will be in the following condition: All shafts 
will be excavated: the longest headings will be open to the portals; 21,554 feet of 
tunnel (more than half the entire length) will be excavated, and operations will be 
carried on at the portals and but 6 shaft-headings. At the eud of the fourth year, the 
eutire tunnel will be excavated except about 1,U0U feet at Kate’s Mountain, both hid¬ 
ings of which will be open to the portals. The more the matter is considered, the 
do the difficulties appear. 

Estimates in detail of the line from Dunlap’s Creek to the Greenbrier River, inclos¬ 
ing those for the feeder, accompany this report. The total of this division, inclusive 
of contingencies, as shown by the recapitulation, is $1G,387,737.45. 

The estimate for the tunnel includes arching throughout; should any portion rfequire 
no, or bnt. partial, arching, the amount thns saved will fully cover any increased c* 4 
of excavation due to the harder rock. It may be that the excavation at the recess will 
assume the pointed form. If ao, the cost will be somewhat increased at these points, 
but not materially, as the extra excavation will come out as loose rock. The costnf 
tunnel-excavation is taken at §5 per cubic yard. I believe this to be a fair price. Shaft* 
excavation is taken at $10 per cubic yard. This is bnt one-half the price assigned tbs 
excavation in previous estimates. I judge $10 to be sufficient, from the fellowio£ 
information kindly furnished me by Mr. Whitcomb, viz: 

u The main shafts (two) of the Great Bend tunnel .were 170 and 370 feet (about) re¬ 
spectively. The coutract*-price was $G per cnbic yard. The contractor excavated 
the shorter shaft, and, say, 90 feet of the deeper; the company then completed tbe 
deeper one. The contractor received an allowance on the shorter shaft, bringing the cost 
up to bet ween 611 and 612. 1 think the deep shaft cost ns between $13 and flip* 

cubic yard ; size, 8' x 18'. We h id to wagon all machinery 40 miles across a rough 
country or send it via Greenbrier River iu boats. I suppose such a shaft would b«dose 
now for $10 per cnbic yard.” ,* 

The greater size of the Alleghany shafts (10' X 40') will tend to reduce the price ptf 
cubic yard. 
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Brick arching is estimated at $12 per cubic yard, and the masonry lining below the 
water-surface at $8 per cubic yard. 

In the estimate for dam ami lock masonry the cost has been taken at $9 and $10 per 
cubic yard, respectively, for the purpose of keeping a uniform standard with the New 
River estimates. This course is also adopted with the Greenbrier division. 

As far as known of the summit and Greenbrier, some difficulty may be encountered 
in getting stone which can be cut easily or readily dressed to shape, and for that rea¬ 
son masonry may cost somewhat more than in the New River division, where unlim¬ 
ited quantities of tine stone abound. 

In a large enterprise of this kind the development of resources may be expected 
which have been hitherto undiscovered or unemployed. 

This is most probable with regard to cement, as I understand that fine cement-stoue 
exists at Callahan’s, (a short distance westward of Covington.) Proximity to the ce¬ 
ment may in part make up for the greater distance from good quarries. 

The estimates for masonry, embankment, and excavation for this division, exclusive 
of the great tunnel, were piade by Lieutenaut Maguire, with the exception of some 
changes recently made in the dams. In comparing the estimates of this line with 
others in the vicinity, it should be remembered that these estimates cover the entire 
distance from the Greenbrier at'the mouth of Howard’s Creek to the mouth of Brush 
Creek. Also, it should be remembered in comparing the entire central water-line with 
any other that the higher summit, of McNeill’s is still available, by which the summit 
may be passed at au elevation of 1,916 feet above tide, with a tunnel 23 miles in length. 
This is, I believe, with approach-cuts, 50 feet in depth, and of moderate length. 

All of which is respectfully submitted. 

Thomas Turtle, 

First Lieut, of Engineers. 

Major William P, Craioiiill, 

Corps of Engineers , V. S. .i. 


RECAPITULATION OF ESTIMATES FOR SUMMIT DIVISION, SURVEY OF 1874. 


Total estimate of Brush Creek. $827,787 49 

Total estimate of tunnel. 12,376,608 29 

Total estimate of Howard’s Creek.. 1,251,162 69 

Total estimate of leeder-line... 444,134 77 

Total.!.. 14,899,693 24 

Contingencies, 10 per cent, of total. 1, 489,969 32 

Grand total.-. 16,389,662 56 


REPORT ON GREENBRIER DIVISION, SURVEY OF 1874, BY LIEUTENANT THOMAS TURTLE, 

CORPS OF ENGINEERS. 

Baltimore, Md., July 24, 1876. 

Major: I have the honor to submit the following report on the surveys aud esti¬ 
mates for the Greenbrier division of the central water-line : 

After the completion of the surveys for the summit division, those for the Greenbrier 
commenced, Mr. R. H. Talcott being left in charge in the field, and Mr. W. S. Walker 
taking oue of the transits. The surveys included those for a slack-water navigation 
and for an independent canal from the westeru approach of the summit tunnel to the 
west portal of the Great Bend tunnel of the Chesapeake and Ohio Railroad. From 
this point to the month of the Greenbrier River the surveys were made by Mr. Hut¬ 
ton’s New River parlies, under the immediate charge of Mr. C. R. Boyd. 

From the combined notes of these surveys the maps, four in number, which accom¬ 
pany this report have been made. Sheets Nos. I, 2, and 3 are on a scale of 1 inch to 
!2O0 feet, and show the entire valley as covered by our surveys, while s' eet No. 4, on a 
scale of 1 inch to 600 feet, shows the entire (Treat Beud. In the autumn of 1874, after 
the completion of the surveys, preliminary estimates for the slack-water system were 
niade, to accompany a report made at that time. The detailed report was made by Mr. 
R. H. Talcott. Since that time further study has modified the plans so that a new re¬ 
port will be necessary, though free use is made of that, made by Mr. Talcott. No re¬ 
port had been made for the independent, canal, as the time did not permit the making 
of estimates. The slack-water system will first receive attention. 

“ The survey fur the slack-water navigation of the Greenbrier River was begun on the 
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22d of September, at a point about two miles above the mouth of Howard’s Creek, at 
which it was assumed that the direct tunnel from Brush Creek to the Greenbrier River 
would debouch, supposing that tunnel to be the one adopted. The transit-line began 
at station 52,4- 11 of an offset line from the direct tunnel, ami the levels were started 
from a bench on a maple about 200 feet to the left of that station, and the elevation 
assumed was 1,704.24 above mid-tide, that being the mean of tw'o lines of levels run 
during the previous survey for the summit lewl.”* 

In ray report for the summit division I recommended the valley of Howard’s Creek 
for the western approach of the summit, and therefore the dams located above dam 
No. 4 will not be necessary for this line, aud no estimates have been made for them. 

In the arrangement now recommended the dams have been made as long as can be 
judiciously done, and the heights of guard-walls and guard-banks have been made to 
correspond to the lengths of the dams and to the estimated discharge of the stream. 
For this latter we have no certain data. I am informed by Mr. Talcott that be has 
personal knowledge of a flood at Graham’s Ferry 20 feet above low water, aud this 
flood was not as high by 5 or 0 feet as the highest known, according to the account of 
the inhabitants near there. A point of highest water was fonnd nearly opposite Cald¬ 
well’s mill, above Greeubrier bridge, where the rise was abont 12 feet. I have taken 
the former as the safe gnide. Herewith is a profile of the Greenbrier River from 
dam No. 20 (above Graham’s Ferry) to the crest of Bacou’s Falls. It was supposed 
that in a flood of 20 feet the irregularities due to the varied slope of the bottom shall 
diHappenr, and that the line drawn from the crest of the rapids above dam 21 to the 
crest of that below Graham’s Ferry and above the islands shall represent the slope of 
the river, and the section be that at this lower point. 

I find, by the Humphreys-Abbot formula, the discharge of the stream will be 65.658 
cubic feet per second, say <’>0,000 cubic feet. I think this is a very safe estimate, for 
the abrupt beads between Graham’s Ferry and Bacon’s Falls and the islands opposite 
Rollinsburg must greatly impede the flow of water; accordingly the guard-walls and 
banks are recommended of such heights as to be above a discharge of this amount at 
the dams respectively. Mr. llutton informs me that, in bis Arrangement of the slack- 
water system of the New River divisiou, the locks can be used for the passage of b *aU 
during the passage of a Greeubrier flood. It is advisable that the Greeubrier may 
always be navigated when the New River can be, and accordingly the lock-walls, 
throughout their extent, are carried to the height of the abutmeut-walls and guard- 
hanks in all cases. The plan of lock adopted by Mr. Hutton for the New River has 
been taken as the model. The chamber-walls on the river side have been so calculated 
as to permit the lock to be emptied for repairs with a flood of 40,0(H) cubic feet per 
second in the river. 


a 



The mode of calculation is a modification of the empirical formula given by Lagreit* 


* Quoted from Mr. Talcott’s report of December 23.1874. 
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for calculating the thickness of the chamber-wall of a lock, the inner and outer faces 
of which shall have the same hatter, and is as follows : 

r is equal to the rise on the comb of the dam with a discharge of 40,000 cubic feet 
per second ;* h is the height from 1 foot below the bottom of the chamber-wall to the 
top of this rise; h / is the height of the top of the guard-wall to the top of the rise, and 
x is the total hatter in the height h. 

The thickness of a wall of rectangular section which will just retain a column of 
water of the same height is tVi jh, the specific gravity of the wall being supposed 
double that of water. A thickness of one-half h is then an excess of stamlity. The 
wall shown in the figure will weigh per unit of length 

it* (a h' -f- a h -f- x h), 

•x* being the weight of a unit of volume. The moment is 

w(a A' + aft + iA) 0 ^ 2 - 

The moment of a wall of rectangular section with height and a thickness of $h, is 

, ft 3 
* 8' 


Placing these two moments eonnl and solv^insr with rp«pppt to y have, 

-f Ait-hh' -p 4a-i -f- \Hth- — oa -f- a ) 
tt ti 


ix = l 


The base of the wall will then l»e equal to (a + Cj.) The width, a, of the top of the 
wall has beeu taken at 5 feet. This break iu the face of the wall will indicate for all 
time the danger-point for the rise in the stream, when the lock is empty and under¬ 
going repairs. The chamber-wall on the land side is iu all cases 5 fget on top, with a 
batter on front and on hack of 5 on 1. At most of the dams a study of the character of 
the excavation will probably permit a decrease of this hatter. 

The bottom of the wall is taken one foot below the bottom of the chamber. The 
value of h in the formula will then he equal to r-f- lift of lock -f- depth of water on 
miter-sill -f- I, and k' will equal the height of the guard-walls less the rise r. 


DETAIL DESCRIPTION OF THE SLACK-WATER SYSTEM. 


Dam No. 4, " 300 feet long and 23 feet high, and lock No. 4. of 13 feet lift, are located 
on a solid rock foundation, 1.34 miles below the mouth of Howard’s Creek. The lock 
is on the right, and connected with the hill-side by a guard-hank. On the left, a bluff 
below the railroad will form a natural abutment. In order to obtain a depth of 7 feet 
of water from the mouth of Howard’s Creek to this dam, a channel will he excavated 
through the shingle-bar just below the mouth of the creek. An estimate of the cost 
of this chaunel is inclnded in that of the dam.” 

The amount of the excavation required for the lock is very large, (42,499 cubic 
yards.) It is probable that this amount may be materially decreased, if the location 
of the dam can he moved up stream. The bend iu the stream a short distance below 
the lock makes a large excavation necessary to provide a proper exit from, and ap¬ 
proach to, the tail of the lock. This, and ali other questions of location suggested in 
this report, can he readily determined duriug the progress of the work. The railroad 
at-this point, is out of danger. 

‘‘About 200 feet below the dam the railroad crosses the river on an iron undergrade 
bridge of four snaus. The bot tom chord of the bridge is only 20 feet above the surface 
■of the pool made by dam No. 5. One span of this bridge will have to be raised, in order 
to give sufficient height for the chimneys of steamers, and made a through bridge.” 

Dam No. 5, 450 feet long and 20 feet high, and lock No. 5, of 9 feet lift, are located 
“ on solid rock foundation, just above Clay’s mill-dampaud 3.01 miles below dam No. 4. 
The lock is on the right, and connected with the railroad by a guard-bank. On the 
left, an abutment of masonry and a guard-bank will also be required.” 

The railroad ip only 8 feet above the comb of the dam, and an estimate is made for 
relocating it higher on the hill-side. 

Dam No. 6, 410 feet long and 21 feet high, and lock No. 6,10 feet lift, “ are located on 
a ledge of sandstone 1.13 miles below dam No. f>. The lock is on the right, and con¬ 
nected with the railroad by a guard-hank. A rock bluff on the left forms a uatural 

* Estimated by Francis’s formula, Q = 3.33 . I ,r \ j, in which Q is the discharge in cubio 
feet ner second, in this instauce is 40,000 feet; l is the length of the dam. 

t If we make h! ~ O, the formula becomes 

x _ V a* q- 4, n *—3 a 


which is the empirical formula given by Lagren6, the column of water and the wall 
beiug of equal height. 
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abutment. The railroad at this point is only 10 feet above the comb of dam, and will 
either have to be raised or protected for a distance of 6,000 feet by an embaukmeut. 
A dike along the river would protect the low grounds and railroad.” 

An estimate for raising the railroad is included in the estimate for the dam. An 
alternative to the construction of this dam suggests itself on au examination of the 
map, viz: 

To leave dam No. 5 by a gnard-lock, and by means of a canal and 2 locks through 
the flats at Ronceverte, to reach the river below the mill at the elevation necessary to 
enter the pool of dam No. 7. An estimate of this alternate canal has been prepared 
for comparison, with the following results: 


Dam No. 5, first estimate. 00 

Lock No. 5, first estimate. 113,935 65 

Dam No. 6, first estimate. 6*2,665 40 

Lock No. G, first estima c. 123,544 5? 


Total. 362,835 26 


The total estimate for the alternate canal is $380,940.29, being an excess of $18,105.03 
over the first estimate. The alternate estimate is but approximate, as the surveys do 
not supply complete data, for the alternate was not contemplated when the survey was 
made. I believe that 1 have allowed excessive quantities for this alternate line, and 
that an actual survey will show that the cost will be less than estimated. But even if 
the estimated cost should be not too great, the contingencies and damages would be 
less for the canal than for the dam and the lift-locks. The alternate estimates were 
for a canal 1*20 feet wide on the bottom, with side slopes l on 2, aud the walls of the 
lower lock were supposed 20 feet above the comb of dam No. 7. 

The cutting for the upper canal was supposed to average 6 feet deep throughout, 
and that for the lower canal 4 feet deep. Of course the location of the lock is but con¬ 
jectural, and can only be made after survey. I recommend the alternate canal,subject 
to future survey, which should also provide more complete data for the change of rail¬ 
road necessary with dam No. 6. 

Dam Xo. 7, 350 feet long and 18 feet high, and lock No. 7, 7 feet lift, u are located on 
a solid rock foundation, 1.53 miles below darn 6. The lock is on the left bank, and will 
be connected with the high ground by a guard-bank; on the right a rock bluff under 
the railroad will give a natural abutment.” 

An estimate for the change of railroad is included in the estimate of the dam. 

I think it would be well, during the construction of the line, to examine this site 
with the view of locating the lock ou the right bank, whereby the excavation for the 
lock might perhaps be much reduced. The bend in the river below is not advantageous 
lor the lower approach as now arranged. 

Dam Xo. 8, 350 feet long and 18 feet high, and lock No. 8, of 9 feet lift, “ are located 
on a sandstone ledge, covered with shingle on the right bank, but well defined on the 
left, and 1.32 miles below dam No. 7. The lock is on the right, and connected with the 
railroad by a guard-bank. Ou the left an abutment of masonry and a short guard- 
bank will connect the dam with the hill-side. The railroad is here 17 feet above the 
comb of dam, and out of danger.” 

Dam Xo. 9, 320 feet long ami 6 feet high, and lock No. 9, of 13 feet lift, “are located 
ou a sandstoue ledge, underlying red shale, 1.94 miles below dam No. 8. The lock 8 
on the right, and connected with the high ground by a high bank. Ou the left a bluff 
of red shale will require a light masoury abutmeut.” 

This locatiou is not the most advantageous for the approaches to the lock, and I 
■would suggest further examination in this vicinity for an improved location. 

Dam Xo. 10, 435 feet long and 20 feet high, and lock No. 10, of 13 feet lift, “are located 
on a limestone ledge, 2.14 mile§ below dam No. 9. The lock is on the left, aud con¬ 
nected with the railroad by a guard-bauk. Ou the right a limestoue cliff* forms a nat¬ 
ural abutmeut. Between this dam and dam No. 9 the railroad crosses the river on an 
iron undergrade bridge, the bottom chord of which is only 14.5 feet above the surface 
of the pool, and the rail is only 34 feet above it. One span of this bridge will have to 
be raised and made a through bridge, which will give 30 feet clear above thesnrfaceof 
pool. Should more height be required, it will be necessary to change the grade in* 
tunnel which is not more than 400 feet from the abutmeut of bridge. The railroad at 
the dam is 15 feet above the comb, and out of danger.” 

. Dam Xo. 11, 350 feet long and 22 feet high, and lock No. 11,11 feet lift, “ are l*c*kd 
on a limestone ledge in Davis’s Falls, aud 1.45 miles below dam No. 10. The lock id 
located ou the right, and connected with the high ground by a guard-bank.” 

Dam Xo. 12, 350 feet long and 24 feet, high, and lock No. 12, of 13 feet li't, “ are located 
on a limestone ledge, 0.97 mile below dam No. 11. The lock is on the right, and con¬ 
nected with the high ground by a guard-bank. On the left a limestone bluff’ under 
the railroad forms a natural abutmeut. The railroad is here 28 feet above comb of 
dam, aud is out of danger.” The location of this dam is disadvantageous for theap- 
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proach to the lock, and in general it may be said that such must always be the case 
at a bend, unless the bend be very slight. The boats, when the water is up, must 
enter the lock parallel to the thread of the current. The vicinity of this site should be- 
further examined, or it may be that au alternate canal from dam No. 11 may render 
the construction of this dam (No. 12) unnecessary. 4 

Ail estimate of this alternate canal has beeu made. The comparison of the two sets 
of estimates gives the following results : 

Dam No. 11, first estimate. $43,310 65 

Lock No. 11, first estimate. 125,810 18 

Dam No. 12, first estimate. 45,075 80 

Lock No. 12, first estimate. 152, 456 08 


Total, first estimate. 366,662 61 

Alternate estimate. 337,449 64 


Difference in favor of alternate... 29,212 97 

This alternate is shown on sheet No. 1, and on the cross-sections of the canal-survey. • 
I recommend this alternate, subject to an examination of the lock-sites ami the char¬ 
acter of the stream in their vicinity. 

Dam Ko. 13, 320 feet long and 20 feet high, and lock No. 13, of 10 feet lift, “ are lo¬ 
cated ou a solid limestone ledge, 1.56 miles below dam No. 12. The lock is on the right, 
and connected with the hill-side by a short embaukmeut. Ou the left an abutment of 
masonry will connect the dam with the railroad, which is only 13 feet above comb of 
dam.” Aq estimate for the change of railroad is included. I would suggest a re-ex¬ 
amination of this site to decrease the great amount of excavatiou necessary for the 
lock. It may be that the location of the lock on the left bank, or the location of .the 
dam a short distance down stream, may fulfill this object. 

Dam No. 14, 310 feet long and 26 feet high, and lock No. 14, of 12 feet lift, “are lo¬ 
cated on a limestone ledge, 1.13 miles below darn No. 13. The lock is on the right, 
aud connects immediately with the hill-side. On the left a masonry abutment will 
connect the dam with the railroad, which at this poiut is only 13 feet above the comb 
of dam.” An estimate for the change of the railroad is included in the estimate for the 
dam. “ Below this dam there is quite a number of large bowlders, which will have 
to be removed in order to make the channel of sufficient depth aud width. This work 
is included in the estimate.” The excavation for this lock is quite great. I should 
anticipate that a location some 1,200 feet up stream would be an improvement iu this- 
particular, the lock being placed upou the left bank. 

Dam No. 15, 320 feet long and 20 feet high, and lock No. 15, of 10 feet lift, ** are lo¬ 
cated on a ledge of limestone, 1.04 miles below dam No. 14. The lock is on the right, 
aud connected with the high ground by a short embankment. On the left an abut¬ 
ment of masonry will connect the dam with the railroad.” An* estimate for the change 
in the railroad is included in the estimate of the dam. The bend of the stream at this 
poiut makes it a disadvantageous location for the lock. I would suggest an examina¬ 
tion of a site about 1,000 feet up stream; or it may be that a short canal may be 
located from dam 14, which will render dam 15 unnecessary, especially if the location 
of dam 16 be changed as mentioned in the following description. 

Dam No. 16, 300 feet l »ng and 22 feet high, and lock No. 16, of 9 feet lift, “are lo¬ 
cated ou a smooth sandstone ledge just above Aldersou depot, and 1.13 miles below 
dam No. 15. The lock is on the right, and requires a guard-bank 2,650 feet loug to con¬ 
nect it with the high ground, and protect the bottom lands below the dam. On the 
left an abutment will counect the dam with the railroad, which is only 12 feet above 
the comb of dam, and ought to be raised to be out of danger. An estimate for the ' 
change of the railroad is included in the estimate for the dam. In order to reduce the 
height of the next dam below, a channel will have to be excavated through the shin- 
gle-bar just below the town of Alderson. An estimate for this work is included.” As 
an alternative to this dam, which will also avoid the construction of dam No. 17, the 
following suggests itself, viz, to build a dam about 2,700 feet up stream, designated 
dam 16 Aon the map, (sheet No. 2,) then, leaving this dam by a guard-lock on the right 
hank, to locate a canal th ough the flats, and dually, as indicated ou the map, to enter 
the poo! of dam No. 18 below Muddy Creek. Au estimate of this alternate has been 
made, with the following result: 


Dam No. 16, first estimate. $66,922 65 

Lock No. 16, first estimate. 131,211 18 

Dam No. 17, first estimate.... 88,115 75 

Lock No. 17, first estimate. 126,380 28 


Total, first estimate.- 412,629 86 

Alternate estimate. 444, 086 69 


Difference against alternate 


. flt, 456 H? 
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Bat the contingencies will be less in tbe alternate, the land-damages will be very 
much less, as well as prospective damages from floods, and the long guard-banks of 
dams 10 and 17 will be avoided. 

The alternate canal, as estimated for, is 120 feet wide on the bottom throughout I 
recommend the adoption of the alternate line, subject to an examination for tbe site 
of dam IGA and for the location of the locks on the island at Muddy Creek. Boring 
should also be made in the flats in order to assure the excavation of the canal in loose 
material. The following may be found advantageous. To build dam IGA somewhat 
higher than estimated, which would decrease the depth of cutting through the flat and 
perhaps render the canal from dam No. 14 expedient, thus avoiding the construction of 
dam 15. 

Dam Xo. 17, 450 feet long and 23 feet high, and lock 17, 10 feet lift. “ are located on 
a sandstone ledge below tbe mouth of Muddy Creek, 1.59 miles below dam No. 16. 
The lock is on the left, and requires a very long guard-hank or dike,” and that tbe rail¬ 
road be protected from floods. An estimate for the change of tbe railroad is included 
in the estimate for the dam. “On the right an abutment of masonry and a gu&rd- 
bauk connect tbe dam with the bigli ground. Below this dam tbe channel will bar? 
to be cleared of some shingle and bowlders in order to be safe. This work is included 
in the estimate.” 

Dam Xo. 18, 450 feet long and 20 feet high, and lock No. 18, of 11 feet lift, “are k* 
cated on solid rock foundation, 2 5G miles below dam No. 17. The lock is on the left, 
and will be connected with the dam above by a guard-bank. 'The railroad must b? 
raised for about G,0()0 feet up from the dam.” Au estimate for this change is included 
in the estimate for the dam. Ou the right a masonry abutment w ill connect tbe dim 
with the hill-side. 

Dam Xo. 19, 390 feet long and 19 feet high, and lock No. 19, of 9 feet lift, “ are locatfd 
on a ledge of sandstone, 2.43 miles below dam No. 18, and about one mile above Haines's 
Ferry. The lock is on the left, and is connected with the railroad by a guard-liaaL 
The railroad must he raised for about 4,000 feet for protection. Au estimate for than 
included in the estimate for the dam.” 

Dam Xo. UK 450 feet long and 18 feet high, and lock No. 20, of 8.5 lift, “are located 
on a ledge of sandstone, 3.5G miles below dam No. 19. The lock is on the left, andeon- 
nected with the high ground by a guard-bank.” It would be better, on account of the 
bend immediately below, if the location were changed a little up-stream. 

Dam Xo. 21, 420 feet long ami l* feet high, and lock No. 21, of 8.5 feet lift, “are lo¬ 
cated on a sandstone ledge, one-fourth of a mile above Graham’s Ferry and 1.75 mile? 
below dam No. 20. The lock is on the left, and connected with the high ground byi 
guard-bank. On the right an abutmeut of masonry and a short guard-bauk connect 
the dam w ith the hill-side. Below this dam there are some bowlders and shingle whkb 
will have to he removed to mako the channel of sufficient width and depth. About 
one-fourth of a mile below dam No. 21 tli-* railroad crosses the river on au iron through 
bridge of four spans, of 128 feet each. Tbe bottom chord of tbe bridge is only 21 feet 
above the surface of the pool.” If the railroad interferes with the navigation it m*y 
be raised some distance each side of the bridge. 

Dam Xo. 22, 557 feet long and 17 feet high, and lock No. 22, of 8 feet lift, “are located 
on a ledge of sandstone, at the head of Bacon’s Falls, or the Great Falls of the Green¬ 
brier, and 4.12 miles below dan* No. 21. The lock is on the left, and connected with tbe 
bluff. On the right a perpendicular bluff of sandstone forms a natural abutment. At 
this point, a canal has been located, w'hich mus back of Bacon’s mill, aud locks down 
by lock No. 23, of 11 feet lift, into tbe pool formed by dam No. 23. This canal recalcu¬ 
lated of sufficient w-idth for two large boats to pass each other.” 

Dam Xo. 23, 400 feet long aud 17 feet high, and lock 24, of 10 feet lift, “ are loeated 
on a ledge of sandstone at the head of the Little Falls of the Greenbrier, and 0.99 mil? 
below dam No. 22. The lock is on the left, and connected with the high ground by* 
guard-bank. On the right a cliff of shale w ill have to be protected by a masonry abut¬ 
ment. Below this dam there are quite a number of bowlders of moderate size which 
will have to be removed.” 

Dam Xo. 24, 44G feet long and 22 feet high, and lock No. 25, of 11 feet lift, “arelo¬ 
cated on a ledge of sandstone, oro-fonrrh mile nlmve Cardeu’s White Solphnr 
Springs, and 0. 91 mile below dam No. 23. Tbe lock is on the left, and is connected 
with the high grout d by a guard-bank. At this dam, an island above, and one abn 
below, will have to be excavated in order to make a ebauuel of sufficient width." 
An alternate line from above dam No. 22 is suggested, in detail, as follows: Build* 
dam, designated on the map (Sheet No. 3) dam 22 A, (foundation solid rock aud 
length of dam 538 feet,) with a lift of 7 feet, locking into the pool of a dam to be 
built, near where the crossing was made at; Station 1^76 22. This dam would be 

about 22 feet high. In reply to a request for information, Mr. Talcott writes me as 
follows: “The rock ledge below Bacon’s Falls where line crosses to left bank, is not 
lower than about 1,462, if as low, for the fall from foot of Bacon’s Falls to th s point 
is very slight. A 30-foot dam could be built at this point and be very secure, for there 
are natural rock-abutmeuts on both sides of the rivtr.DigXi@§|j ftfouhl flood the present 
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site of Bacon’s mill, but as the water-power would be taken away, that would make 
little difference iu the land-damage.” Leaving this dam by a guard-lock on the left 
bank, a canal may be located through the tlats below, until the line again euters the 
river below dam No. 25. The outline of these flats may be seen by referring to Sheet 
No. 4. It is seen (Sheet No. 3) that the line enters the river at 4 feet less elevation 
than the bottom of the lock at darn No. 24, thus permitting the loweriug of No. 25, 
and decreasing the lift of lock 26 by that amount. 

An estimate of this alternate iiue has been made for comparison, with the following 


result : 

Dam No. 22, first estimate. $43,363 46 

Lock No. 22, first estimate. 1(H, 729 18 

Canal round Bacon’s Falls. J . 33,312 40 

Lock No. 23. 105,793 18 

Dam No. 23, first estimate. 46,994 60 

Lock No. 24, first estimate. 125,531 48 

Dam No. 24, first estimate. 71,307 63 

Lock No. 25, first estimate. 115,561 28 

Dam No. 25, first estimate. 55,992 48 

Lock No. 26, first estimate. 120,319 38 


Total. 826,690 07 

Alternate estimate. 753,715 19 


Di ft ere nee in favor of alternate. 62,974 88 


The estimate for this alternate is bnt approximate, as, the line not being contem¬ 
plated in the- survey, our data are not complete. I have every confideuoe that the 
quantities are fnll and the estimate is sufticieutly great. The canal around Bacon’s 
Falls is necessarily an awkward arrangement, from the little available space and the 
necessary lengths of the locks. Dam No. 23 is a disadvantageous location from the 
bend in the stream. Its location shou d be changed, or the excavation fdr lock 24 
should be greater than estimated for. The land-damage for dam No. 24 would be 
great, or for the guard-bank there should l>e substituted a dike 4,800 feet long, connect¬ 
ing this dam with the one above, in which case the estimate for dam No. 24 would be 
increased. I decidedly recommend the alternate line. This alternate being adopted. 

Dam Xo. 25 will be 426 feet long and 16 feet high, and lock at same (No. 26) will be 
of 7 feet lift. The site is on a ledge 44 of sandstone 0.96 mile below dam No. 21. The 
lock is on the left, and connected with the high ground by a guard-bank. On the right 
an abutment of masonry connects the dam with the hill-side.” 

Dam Xo. 26, 350 feet long and 23 feet high, and lock No. 27, of 11 feet lift, “ are 
located on a sandstone ledge 0.92 mile below dam 25. The lock is on the left, and is 
estimated for as couuected with the hill-side by a guard-bank, though it might be 
advisable to counect it with the dam above by a dike along the river, which would 
iucrease the estimate for guard-bauk.” This site is disadvantageous for the locatiou 
of the lock, aud if a dam be built near here I would suggest an examination for a site 
1,000 to 1,400 teet. below, when it might be advisable to iucrease the lift of the lock 
and decrease the height of dam No. 27 and the lift of lock 28. As an alternate to the 
construction of this dam the following is feasible, viz: Leave dam No. 25 by a guard- 
lock on the left bank, and then by a canal and locks to enter the river below dam No. 
26, as indicated on the map, (Sheet No. 3.) This alternate will enter the river at 2 feet 
less elevation than the bottom of lock 27. An estimate for comparison gives the fol¬ 


lowing : 

Dam No. 25. $40,576 83 

Lock No. 26. 106,198 88 

Dam No. 26, first estimate. 50,403 55 

Lock No. 27, first estimate. 136,260 58 

Dam No. 27, first estimate. 42,867 80 

Lock No. 28, first estimate. 123,083 28 


Total. 499,390 92 

Alternate estimate. 455,441 95 


Difference in favor of alternate. 43,948 97 


This estimate for the alternate is but approximate, bnt I am quite confident the 
quantities assumed are sufficiently full. I recommend the alternate line, subject to 
examination. If this alternate be adopted— 

Dam X 7 o. 27 will be 340 feet long and 20 feet high, and lock No. 28 will be 8 feet lift. 
The site is on a sandstone ledge 1.55 miles below dam No. 26. The lock is on the right, 
And connected with the high ground by a guard-bauk. On the left a bluff of shale 
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will need some masonry to protect it. A low dike may b6 necessary to decrease land- 
damages by protecting tbe low grounds above. (See Sheet No. 4.) 

Dam So. 2*, 300 feet long and 22 feet high, and lock No. 29, of 10 feet lift, “ are located 
on a sandstone ledge 1.14 miles below dam 27. The lock is on the left, and connected 
with the hill side by a guard-bank. On the right an abutment of masonry will con¬ 
nect the dam with the hill-side.” 

As an alternate to the construction of this dam, the following may be found avail¬ 
able, viz : Build a dam as an alternate to dam 27 (designated on Sheet No. 3 as dam 
27 A) near station 2,152 of the transit-line. Then leave this dam by a guard-lock on 
the left bank, and by a canal and locks enter the river below darn No. 28. By tbislioe 
the river may probably be entered at 6 feet less elevation than the bottom of lockXo. 
29, thus lowering the comb of dam 29. 

An estimate made for comparison gives the following : 


Dam No. 27, as recommended. $35,411 55 

Lock No. 28, as recommended. 102,135 

Dam Ni. 28, first estimate. 53,923 45 

Lock No. 29, first estimate. 116,121 ^ 

Dam No. 29, first estimate. 4*2,400 75 

Lock No. 30, first estimate. 11*2,172 > 


Total... 462,965 » 

Alternate estimate. 486,624 ri 


Difference against alternate. 23,653 21 


Tbe alternate estimate is only approximate, but F believe the quantities to be very 
full, and, there being one less dam to build, tbe contingencies will be less. I reeom- 
meud this alternate line, subject to an examination. If this l>e adopted. 

Dam So. 29, 4*^0 feet long, will be 15 feet, high, and lock No. 30 will be 4 feet lift* 
Tbe site is on a sandstone ledge, 1.5 mil s below dam No. 28. Tbe lock is on the righ*. 
and connected with tbe high ground by a guard-bank. On the left an abutment of 
masonry connects the dam with the steep hill-sido. 

Dam So. 30, 340 feet long and 22 feet bi*h, and lock No. 31, of 11 feet lift, ‘‘are 
located on a sandstone ledge, 1.49 miles below dam No. 29. The lock is on the left,ami 
connected with the bill-side by a short embankment. On the right an abutments 
masonry will connect the dam w ith the hill-side. Below this dam there are some very 
large bowlders which will have to be removed to give sufficient water-way. Ths 
work is included in the estimate.” The bend in the stream at this point renders tbs 
site a very disadvantageous one. I wmuld suggest that the location be made lowrr 
down—the position designated dam No. 30 A, on sheer. No. 3. 

The notes as copied on the map indicate the probability that rock-foundation may 
be fonud anywhere in the viciuity. It may also be fonnd that the elevation of tbe 
lower level may be decreased, and that the lift of the locks Nos. 30 and 31 may, with 
advantage, be more nearly equalized by locating dam 29 farther down stream, perhaps 
about opposite station 54 of tbe line from the portal of the Great Bend tunnel. 

Dam So. 31, 320 feet long and 10 feet high, and lock No. 32, of 10 feet lift, ‘‘are 
located on a ledge of saiulstoue, 2.67 miles below dara No. 30. The lock is on tberigitf. 
and connected w ith the bmh ground by a short guard-bank. On the left a sand-bloS 
forms a natural abutment.” 

Dam So. 32, 465 feet long and 14 feet high, and lock No. 33, of 2.2 feet lift, “are 
located ou a sandstone ledge, 1.51 miles below* dam No. 31. The lock is on tbe right, 
and connected w ith the railroad by an abutment of masonry, aud a guard-bank vs i.’ 
connect the dam with the high ground.” 

This dam is the last ou the Greenbrier River, and connects the slack-water systoc 
on that river with that of New* River. 

At t his point there exists a difference of recorded elevations between the notes of tb* 
surveys of tbe Greenbrier divisrou and those of the New River. This difference 
probably owing to a difference in tbe elevations assumed at tbe initial benches. 

The elevations in the Greenbrier survey are carried from the initial bench of tie 
summit division at the month of Folk Run. This difference of recorded elevation ' 
noted, Mr. Hutton tells me, in his report ou the New River divisiou. 

Iu the project of 1^72 for the slack-water navigation of the Greenbrier River. it«* 
proposed to tunnel tbe Great Bend. My opinion is opposed to this project. It miK 
exceed in cost tbe slack-w ater round the bend by a large amount. No estimate of ii 
is submitted. 

Tbe saving of distance does not necessarily produce a saving of time, for the rate of 
motion must be less within tire tunnel than in the open river. The np-etream approach 
would be diilieult. Guard-locks would there be necessary, and the boats cooIdD*': 
enter tln.ni acioss a current of even moderate velocity, aud could not leave flit m tn the 
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same circumstances without serious danger of accident from the leverage upon the 
boat from the down-stream pressure of the current. Then the accumulated lockage at 
the down-stream end of the tunnel (92 feet) would necessitate a flight of 8 or 10 locks 
at this poiut. The demands of the line would require that the flight be double. The 
cost of such a flight iu the narrow creek-bed would bo exceedingly great, and the ap¬ 
proach to the lowest locks must necessarily be difficult, as the objectiou to leaving or 
entering the locks across the current would apply similarly as at the upper portal. 

The total distauce from the mouth of Howard’s Creek to dam No. 42 ts 48.32 miles, 
and the total lockage 301.2 feet. A detailed estimate of the cost accompanies this re¬ 
port. The recapitulated estimate of the line as recommended is as follows : 


Dam No. 4. $59,971 95 

Lock No. 4. 104,730 98 

Alternate canal at Ronceverte, to avoid— 

Dam No. 0 .1. 380,946 29 

•Dam No. 7... 67, 437 50 

Lock No. 7. 114,523 48 

Dam No. 8. 41,753 40 

Lock No. 8. 126,537 38 

Dam No. 9. 54,743 70 

Lock No. 9. 157,355 08 

Dam No. 10.. 46,742 30 

Lock No. 10... 129,231 28 

Alternate canal from dam No. 11, to avoid— 

Dam No. 12 . 337,449 64 

Dam No. 13. 41,730 80 

Lock No. 13. 195,360 98 

Dam No. 14 . 80,946 00 

Lock No. 14. 156,240 58 

Dam No. 15. 53,849 80 

Lock No. 15. 141,454 08 

Alternate canal, to avoid— 

Dams Nos. 16 and 17. 444,086 69 

Dam No. 18. 84,729 10 

L*'ck No. 18. 132,015 58 

Dam No. 19. 55,634 75 

Lock No. 19. 129,028 18 

Dam No. 20. 47,235 00 

Lock No. 20.%. 106,118 38 

Daui No. 21. 45, 477 90 

Lock No. 21. 111,761 08 

Alternate, to avoid the construction of dam No. 22, locks Nos. 22 and 23, 

canalronnd Bacon’s Falls, dams Nos. 23 and 24, and locks Nos. 24 and 25. 753,715 19 

Alternate canal from dam No. 25, to avoid dam No. 26. 455,441 95 

Alternate dam No. 27 aud canal, to avoid dam No. 28. 486,624 82 

Dam No. 30. 58,832 70 

Lock No. 31. 134,174 98 

Dam No. 31. 26,104 40 

Lock No. 32. 148,226 88 

Dam No. 32. 29,270 40 

Lock No. 33 . 83, 507 68 


Total. 5,682,990 93 

Contingencies, 10 per cent. 568,299 09 


6, 251,290 02 

Total estimate of the slack-water system recommended for this division, including 
10 per cent, contingencies, is $6,251,290.02. Attention is invited to the remarks made 
in the report of the summit division, relative to the cost of lock and dam masonry. 

The estimates for the dams have been made on the basis adopted by Mr. Hutton iu 
the New River division. The classification of the excavation for the locks and dams 
is the same as adopted by Mr. Talcott in his report of 1874. 

The Chesapeake aud Ohio Railroad maps were used to assist in the plotting of the 
railroad and of the bank of the stream not covered by our surveys. 

The estimates were made by Mr. J. L. Seager. 
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Table showing length and htight of dams , height of guard-walls T and amount of water each 
dam toill discharge before the flood will reach the top of the guard-wall. 


Number of dam. 
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•e « 
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SJ 

C 6. 

f 11 . 




-c u a 


4M 

*0 

j 

•s5 
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*5 

*£■3 
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H 

e ► 

£ 

4 . 

3f-0 

23 

17 

70, COO 

5. 

450 

20 

14 

78, 400 

6. 

410 

21 1 

14.5 

75,300 

74,500 

7. 

350 

18 ! 

16 

8. 

330 

18 > 

17 

75, 200 

9....... 

3-iO 

26 . 

17 

74, 600 

75, >*00 

10. 

435 | 20 

14 

11. 

351) 

22 | 

16 

74,500 

12. 

320 

24 j 

17 

74, 605 

13. 

320 

20 1 

17 

74,600 

14. 

310 

26 t 

17 

72,300 

15. 

320 

23 

17 

74,600 

16a. 

375 

22 : 

16 

79,900 

16. 

300 

22 | 

17 

! 70,000 

17. 

450 

23 I 

14 

78,400 

18. 

450 

20 

14 

78, 400 

19. 

390 

19 

15 

75,400 

20. 

450 

18 

14 | 

78, 400 

21. 

420 

18 I 

14 

73.600 

22a. 

550 

15 ' 

13 

82, 700 

22. 

557 

17 

13 

86,900 

2?a. 

400 

22 

14 1 

69, 700 

23. 

400 

17 

14 ! 

69,700 

24. 

416 

22 

14 ! 

77, 700 

25. 

4.Vi 

16 

14 

79.500 

26. 

350 

23 

16 

74, 500 
72, 400 

27. 

340 

20 

16 ' 

27a. 

400 

27 1 

16 1 

69, 700 

28. 

360 

22 

16 , 

76,700 

29. 

420 1 

! 15 

14 i 

77,000 

30. 

340 i 

2*2 

16 | 

72. 400 

31. 

320 

16 | 

16 

69, 400 

32. 

465 ! 

! 14 

14 

81,100 


Remarks. 


Estimated height and length. 


I 


Estimated length. 


Estimated length and height 


GREENBRIER DIVISION-CANAL LINE. 

A survey was made for an independent canal simultaneously with the survey fora 
slack-wafer navigation. 

The following notes descriptive of the line of the canal-survey, taken by Mr. Talcott 
in the field, are copied from his note-book: 

“The line for the canal was begun at the point on Greenbrier River, above the month 
of Howard’s Creek, at which the northern tuunel-line would debouch should that b« 
chosen. It crossed the river immediately, and can be crossed over either on aqnedact 
or slack-water, there being a good rock-ledge immediately at the point at which the 
line crossed. It then was run down on the right of the river, over the bottoms until 
it crossed the James River and Kanawha turnpike, just below which point the hill 
closes into the river. Above this point the line was connected with the line from south¬ 
ern tunnel, it being thought best to run on the feeder-line and cross above the bridge, 
where a good rock-bluff forms a natural abutment, and a ledge of rock making on 
from the left bank would give a good foundation for piers.* 

“A connection was also made near the mouth of Howard’s Creek. From the point above 
named, or sav station 109 of canal-line, down to station 180 the ground as a general 
thing is rough, steep, and formed of bowlders from the bill-side. The work here might 
be estimated as about one-balf solid rock and one-balf loose rock. At about the 
above-named station the line was crossed to the left bank and notes.taken for either 
an aqueduct or slack-water, there being fine .ledges for foundation. A crossing was 
also run below the railroad bridge, where it would be necessary to cross by aqnednct, 
as slack-water would raise the river so much as to endanger the railroad bridge. It 

* At the time the survey was begun I was under the impression that the eanal-lme 
should at once cross to the right bank of the Greenbrier River, and that tbeelevstioe 
of the summit would be 1,720 feet above the tide. This being assumed, I tliongbt of 
crossing the Greenbrier on an aqueduct after tunneling through the crest where the 
feeder-tunnel for the summit is located. These views are abandoned in the recom¬ 
mended location.—T. T. 
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.will b© necessary to cross the railroad at this point, as here it takes the right bank and 
occopies the only gronnd that, could be used for canal-line. From the bridge down for 
about a mile there is pretty good ground, the bottom being narrow, but wide enough 
for canal. Thence down the river to a bluff about opposite Clay's Mill the ground is 
steep and rough and of sandstone, either in ledge or bowlders. It would be tafe to 
take three-quarters solid rock and the rest loose rock in the cutting required here. 

“At the bluff opposite Clay's Mill the best plan would be to tunuel for (say) 500 feet, 
as any other method would involve heavy cutting in limestone or a high retaining- 
wall, which would be exposed to the strength of the current in times of high water. 
After passing the bluff the gronnd improves, and the bottom is wide euougb for the 
canal for about 2 miles, wheu the bluffs close in again and render a crossing to the 
right bank advisable. This crossing is at about station 405, and is located on a good 
ledge of rock; but, owing to the bank being low on both sides, if an aqueduct should 
be adopted, it might be well to run a little farther down oq the left bank before cross¬ 
ing, so as to get a better height for the piers. 

“ From the crossing to the east portal of Second Creek Tunnel, Chesapeake and Ohio 
Railroad, the gronnd is open and a narrow bottom, very g > >d for the canal. At this 
point the bluff comes in again on the right, and for a half a mile the work would be 
very expensive if the line was kept on the river; so that, in order to save distance 
and probably some expense, a tunnel-line was run across the neck, making about 2,£00 
feet of tunnel, and debouching on a narrow bottom on the river, saving abont one mile 
and three quarters iu distance. A l of the tuunel will be limestone, which in the rail¬ 
road tunnel worked well and stands perfectly. After running a short distance in the 
bottom the bluffs close in on the river again, and for three-fourths of a mile and more 
the work would be very expensive if kept out on the bluff. A sharp bend in the river 
below brings the bottom agaiu on the line ; but I think that, on a full examination in 
the office, a tunnel through this spur will be found cheaper and safer than a canal on 
the bluff, aud save about three-fourths of a mile in distance. All of this bluff and spur 
are limestone. After running in the bend above mentioned, a good bottom-land is 
struck, which lasts for about a mile, until 1 Sinking Creek 1 is reached. Here the bluff 
comes down to the river again, aud is very steep for about a quarter of a mile. A 
short tunnel may be found advisable here, or else a sort of gallery. The rock is lime¬ 
stone. J 

“After passing this bluff the ground opens again and is pretty good for abont a mile,, 
when the bluff closes in again. Along here the liue was run \ery high, in hopes of 
saviug cutting by being above some of the bluffs, and also in order to save work below 
where the flats are high. The rock here is still liinestoue. After passing these bluffs- 
the ground opens and is pretty good, though rolling for some distauce. 

About station 900 the rock changes to sandstone, and is almost all iu bowlders,, 
though some ledges come down to the river, aud limes one makes its appearance at 
times. Aloug here, iu mod cases, the line was ruu too high, but the cross-sections 
will give the ground on which it will be best to put the caual, it being impossible to 
judge accurately what grade would be best until the line was run through. The ex¬ 
cavation,all the way dowu to statiou 1030. can be taken, as a large proportion i9 through 
bowlders, which, in most cases, are so large as to be classed as solid rock, so that at 
least 75 per cent, of the excavation will be solid rock and the remainder loose rock 
and earth, the latter in small proportion. Ar, station 1030, or about 1 mile above Al- 
dersou's station, the bluffs recede from the river, aud the bottoms are very favorable 
for canal. 

“At station 1063 a crossing was made to the lef r bank, so as to take the beuefit of tbe 
bottom-lands on that side, where they are much more extensive than on the right, and 
a line was run and cross-sec iou taken, the above station being equal to 0 of that line. 
The crossing was on solid rock and was for slack-water. Should it be thought best to 
cross on an aqneduct, it would be better to go about a mile and a half farther down 
the river, where good rock-ledges can be found. There is a good ledge in the pool 
just below Alderson's and above Hi l's store, on the right bauk, at which an aqueduct 
could be pnt. The slack-water cro-sing was made at the point named, as iu order to 
get across below it would have been necessary to build long dikes to protect the low 
grounds from overflow, whereas at this point a dike abont 3,000 feet long will be all 
that is necessary to protect the right bank, and on the left there is nothing to over¬ 
flow. The line was continued on the right bank and all the necessary cross-sections 
taken, but the ground in many places is of such a character as to render a canal very 
expensive. From Mnddy Creek down for abont 2| miles, with few exceptions, the 
bluffs are close to the river. The rock, in most cases, is a sbaly limestone, and would 
be easy of excavation. Just below tbe mouth of Griflith's Creek the bluffs are highest 
And are of lamina'ed stone, which would stand very well in cuts, but I fear would not 
be good for tunneling. Tbe r»ver is not wide enough to encroach on it mneb without 
danger, so that the canal could not be bnilt out into it. 

“ Just at tbe point where Wolf Creek Mountain comes down to tbe river, on the left, 
bank, the ground opens on the right, and is favorable for canal for about three-fourths 
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of a mile, when it is rough and rolling again for aliont the same distance, and then 
becomes very steep. The rock is a bastard limestone and some pure limestone, not 
very hard to excavate. At about station 14*20, the ground on right bank opens again, 
and becomes very favorable, being river-bottoms for about two miles. The line on 
the left was run down the railroad, and cross-sections taken all the way to the river. 
The ground to station 210 is very favorable, but at this poiut Wolf Crock Mountain 
conies down to the river, and for about 3,000 feet the ground is rough and precipitous 
in some places. At this point the railroad rnns close to the river, and the country road 
just above it, so that there is no room for a canal without throwing the railroad into 
tunnel, and, it may be, tuuneling for canal for a short distance. Cross-sections have 
been taken of this point to show accurately what will he required, but if tbe.lineon 
the left bank is adopted, the best plan will be to pass this point by slack-water, and 
for that purpose a dam was located at the upper end of Riff’s low grounds, and the 
necessary notes tak u to determine the cost of such a work. From this point down to 
station 335 the line is cross-sectioned, ami at that place a dam is located to cross the 
canal over to the right hank again, in order to take advantage of the low grounds on 
that side; for on the left the cliffs come down to the river, and for about two miles tbs 
work for canal would be very expensive and require a complete change in the location 
of the railroad, which cuts along on the bluffs for a short distance, and then runs fora 
mile over some islands, and, cutting through the point of the bluffs again, eniergeson 
the river-bottom. Ou the right, alter passing the low' grounds above mentioned,th* 
bluffs again close down ou the river, ami make it very expensive grouud to cut a canal 
through. This ground holds for about 2 miles, w ith some low Hats, but as a general 
thing it is very bad for the work required. Just above Graham’s Ferry the ground 
opens again, and from that point to the Great bend tunnel there is no great difficulty 
in getting ground that will suit without very heavy excavation. Ou the left bank, 
after passing the point on which the railroad emerges into the open ground again 
after passing over the islands, t he ground is very favorable, and continues so as far a?, 
about half a mile below Graham’s Ferry, w*hen it becomes steep and rocky for about 1 
mile, but not so bad as the ground above Graham’s Ferry ou the right bank. At 
Rollinsburg, opposite Talcott station, Chesapeake and. Ohio Railroad, the ground 
opens agaiu, and is very Hat and low* all the way down to opposite the mouth of tbe 
proposed tunnel, and would give a much better approach to the tunnel than can 
gotten on the right bank. The proposed tunnel-line is more to the left than would 
have been necessary hut for the railroad, hut it can he brought into open cutting in 
a low place in the ground, and then a short tuunel through a spur below will bring it 
into the open valley.” 

With the foregoing, and the notes of the survey as a basis, the location cf the cans! 
was made. As it was so soon found necessary to change to the left bank, the projert 
ot crossing to the right hank from the Howard’s Creek approach was abandoned, and 
the location of canal-dam No. 1 was chosen to form a slack-water pool, into which tbc 
Howard** Creek line debouched. There is no room on the left bank for a canal to this 
point. The canal leaves this pool by a guard-lock on the left bank and parses through 
the railroad embankment immediately below, the railroad being carried over by an 
overgrade truss. 

The proximity of this dam to the point where the canal must pass under the rail¬ 
road makes the location somew hat awkward. 

There will l>e no space for the b ats to pass each other from the bead of the lock to 
the lower side of the railroad-embankment, and the beud prevents the steersmen of the 
ascending and descending boats to note each other’s approach. I wopld recommend 
that the dam he built farther up stream, so there may be a passiug-plaee immediately 
below* the lock, the location to be made during the construction of the line. This 
would become imperative if the locks on the line should be doubled in the future. 

Mr. Talcott informs me that rock-fouDdation can be found anywhere for 600 feet op¬ 
s'ream. The height of guard-w*alls on the canal-1 me is regulated as in the slack-watoi 
system. The cuttiug, for about 1,000 feet below the railroad, is very heavy, with con¬ 
siderable rook. The elevation of the rail where the line passes is less than 1,702 feet. 
The water-surface of the canal is 1,677 feet, leaving little more than 20 feet clear space 
between the water-surface and the lower chord of the proposed truss, (the grade of 
the railroad being undisturbed.) 

Again, a greater elevation than 1,677 for the comb of the dam would increase tb? 
amount of ground overflowed on both sides of the river near the Greenbrier bridge. 
Accordingly, the elevation of 1,670 for canal-bottom is chosen for the initial level s 
this division. From this deep cut to where the bluff closes into the river at station 
the elevation 1,670 for canal-bottom answers very well Along this bluff, from stitioa 
259 to statiou 30S, a regaining wall is proposed. This retaining-wall is pretty high ia 
places, (20 to 30 feet;) it can only be made lower by increasing fch* amount of enttioc 
or by moving the wall into the river. The cost of the former would probably offset the 
saving in the amount of retaiuing-wall, besides increasing the amount of excavated 
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material to be dispose*! of. The latter wonlel decrease the available space in the valley 
for the passage of Hoods. I cannot recommend this, with the present lack of data. 

Mr. TalcotPs notes, copied above, estimate the cutting along this bluff at f solid 
rock and the rest loose rock. This estimate was probably for throagh-cut. I have as¬ 
sumed a less proportion of solid rook, one-half in the worst places. With the retain¬ 
ing-wall on the river-side, the qnantity, absolute and relative, of solid rock-catting 
is diminished, while where solid rock is reached, the side of the cat will be more 
nearly vertical than I have assumed. 

Between station 333+50 and 339 a retaining-wall is again proposod, to avoid cut¬ 
ting more deeply into the blnff at the mill-dam. 

At station 345 the first lift-lock is located It is a question whether it would not be 
better to locate it on the fiat above the mill dam, to lessen the height of the embank¬ 
ment and retainiug-wall from station 326 to 337. The line is recommended as it i», 
for the reason that effort has been made, where the valley is narrow, to keep the canai- 
bottom at least 20 feet above the low-water line, to avoid interference from floods. 
It may be fonnd, however, during the construction of the line, that this change of 
location is advisable. The question may readily be determined from the record of the 
highest flood on the mill-dam, if such record exist. 

Ketaining-wall on the river-side is again resorted to, from station 353 + 50 to station 
372. This wall is generally quite high, at one place about 30 feet. It is not proposed 
lower for the reasons given above, and because the curve in the line above the bluff 
is disadvantageous for the location of the lock, which would there become necessary. 
The location through the flats below this bluff calls for no particular remark. As the 
map shows the location of each lock and its lift, no special mention of these matters 
is necessary. 

As an alternate to the expensive location along these bluffs, the following is sug¬ 
gested by an examination of the map, viz: 

Diverge from the line just mentioned at station 254, and enter by a flight of two 
locks the pool of a dam on the site of dam No. 5 of the slack-water line. Leave this 
dam by a guard-lock (canal-bottom at 1,648, probably) on the right bank, and then by 
a canal through the slough at Ronceverte, locking into the river below the mill, as 
indicated. Build a dam on the site of dam No. 6, with comb at 1645, (probably,) and 
then by a lift-lock gain the flats and the original line on the left bank at about station 
393. To supply the water for lockage at this point, (which would be, in fact, a second¬ 
ary summit,) a feeder-canal could be constructed along the bluffs. The location of 
the alternate line and the feeder is shown on sheet No. 1. 

Estimates of the alternate line and the canal-line along the bluffs give the following 
results: 


Line along bluffs. $563,968 93 

Alternate. 357,543 25 

Difference in favor of alternate. 206, 425 68 


The land-damage will be greater in the latter than iu the former; the contingencies 
would probably not differ mneb, as the foundation of most of the retaining-wall would 
be laid at low-water. I believe a canal on the right bank at this point would be the 
more convenient for the local trade. 

As this alternate was not anticipated at the time of the survey, our data are not 
complete, and the estimate is but approximate, though I believe ample in qnantity. 

It would be better if a location for the lower dam were made farther down the river,, 
so that the lift-lock on the left bank would be farther removed from the influence of 
the overflowing water. I recommend this alternate, subject to a special examination 
on this latter point. It is more subject to freshets thau the line along the bluff-*, 
though this loses much of its force, as the canal-line has several other points of slack- 
water. 

The retaining-wall is in a degree subject to the force of the floods, especially the 
portion below station 348-f-11.4, where the flood must necessarily impinge upon it at 
quite an angle. The retaining-wall is subject to frost, also, though this water-line is 
comparatively free from it. 

The next matter of interest is the question of passing the Second Creek Bend. By 
a reference to Sheet No. 2, and to the notes oopied in the opening of this part of the 
report, it is seen that, immediately below dam No. 7 A , the bluff closes in on the left 
bank for about a mile and a half. The bluff on the right bank closes into the river 
above the Second Creek tunnel, Chesapeake and Ohio Railroad, and continues so for 
more than half a mile. The bluff on the left bank again closes into the river below 
the mouth of Second Creek, and continues so round the bend. 

The canal-surveys were made with the object of tunneling this bend from the lower 
end of the flats, on the right bank, to the ravine below the bend. Dam 7 A was located 
for the crossing to the right bank. I have concluded, upon a study of the subject, to 
abandon the tannel-proiect, and to recommend a line round, partly slack-water and 
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partly canal, m indicated cm Sheet No. 2. Fortunately, the notes of the slack-water 
snrvey supply data for quite an approximate estimate for the line round the bend 

Dam No. 9, with comb 4 feet higher than for slack-water, will permit the line on the 
left bank to enter below dam7 A , with an elevation of canal-bottom of 1,5*26. The line 
can then leave this pool on the right bank at the dam, and pass through the flats and 
under the railroad, as shown on Sheet No. 2. There is quite a scant space under the 
railroad, only 17.6 feet from water-surface to the top of the rail. I would suggest that 
an examination be made before construction for a site for a dam above the month of 
Second Creek. In reply to questions about this matter, Mr. Talcott writes me as fol¬ 
lows : 

u 1 think that if yon adopt slack-water at this point,, it would be better and lea 
costly to make the dam about where the transit-liue crossed the river above Second 
Creek. 

• * « • • * • 

u In regard to the fonndation of the dam above Second Creek, I cannot speak with 
certainty, for I did not make any close examination that point, bat I am confident 
that you will find rock in about 10 feet of water, or, say, at the elevation of the ledge 
selected for dam No. 9. In the elbow, just below Second Cr-ek mouth, the ledge shows 
iu about 12 feet of water, but above the falls and about the lower end of the cliffs, on 
the right bank, the rock must be higher. I mention this only as a suggestion,lor, not 
having the plans to look at, I may be wrong.” 

The estimate is made, supposing this lock aud dam to cost the same as if the site of 
dam No. 9 were taken, im hiding guard-hunk, while the estimate for the canal is made 
from the npper site suggested. 

The location of the canal round the bend is but approximate, and it may be changed 
somewhat in plan after an examination of the ground. 

To avoid the bluffs opposite Fort. Spring, an aqueduct over Sinking Creek, and the 
bluffs below, the line enters the river before the former bluff's are reached. A dam or, 
the site of darn No. 11, with the coiuh 6 feet higher thau for the slack-water system, 
(i. e., 28 feet high, caual-Uottom at 1,602,) will back the water up for this purpose. Tht 
line leaves this pool on the right bank by a guard-lock. From this point thelinemust 
remain on the right batik till Alderson is reached. 

Throughout most of the distance the construction of the line will be expensive; the 
cutting will be heavy, and the excavation will consist largely of loose and solid rock. 
Mr. Talcott, in his notes, referring to the line from station 900 to 1030, says, “At least 
75 per cent, of the excavation will be solid rock, and the remainder loose rock sod 
earth, the latter iu small proportion.” Iu the estimates I have classed the excavation 
differently, for I have made very little thorough cut, aud, the slopes being assumed 
one in one nearly the entire distance, the areas of excavation will be much larger than 
will be necessary when solid rock is met with. I kept the area of excavation large* 
as I wished to make a location which would be found practicable in the actual ooo- 
structiou; and then, to compensate for this in the estimates, I classified the excavation 
as nearly all loose rock, the remainder earth. 

The table of estimates accompanying this report is so arranged that any other classi¬ 
fication may readily be made if desned. About 1 mile above Alderson, on the right 
bank, the ground becomes very favorable for a canal, and coutiuues so for about 9.0W 
feet; then for more thau 3 miles the ground is generally unfavorable, and a canal aloog 
the hill-side would on this bauk be very expeusive. Near station 1300 the ground again 
becomes favorable, aud continues so for nearly a mile, when the steep grouu<l again 
comes close to the river, and canalliug would be very expeusive for more than a mile. 
Near station 1410 the hill recedes from the river, aud a broad flat affords excellent 
ground for a canal to station 1526, a distauce of about 2 miles. Again the ground be* 
comes difficult for more than 2 miles farther, or nearly to Graham’s Ferry. 

Upon the left bank, commencing at Alderson, the ground is favorable till Wolf Crock 
Mountain is reached, where if a canal occupies the oili-side the railroad must ba put 
into a tunnel 1,700 to 1,800 fee iu length. 

Immediately below, the ground is very favorable for about a mile and a half, when 
if the canal be kept out of the river the location of the railroad must be changed for 
about a mile and two-thirds, passing through two tunnels on the way. From station 
430 to Graham’s Ferry the left bank is very favorable for the locatiou of the canal. 

With the view of presenting data for alternate estimates, the surveys included both 
banks from Alderson to Graham’s Ferry, and the lines have been located accordingly 
as follows: 

1. A line from station 1018 (being a continuation of the line described above) to 
Graham’s Ferry, with the object of avoiding the crossing at Aldersou. 

2. Crossing at Alderson anu retraining ou the left bauk to Graham’s Ferry. 

1st. From station 1018 the line coutiuues through the flats till the steep hill-side 
above Muddy Creek is reached. Here t he Jiue goes into slack-water to avoid the diffi¬ 
cult ground above and below Muddy Creek, aud the aqueducts over this and the sev¬ 
eral streams below. The line passes into the slough by a flight of two locks, and tbea 
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crosses the inland as indicated, locking into the river with canal-bottom at the eleva¬ 
tion 15*20. The surveys did not include this island, and the lock may not be in the 
most favorable place. A dike is proposed along this slough and on the island to keep 
out the floods from the flight of locks to the lock at the head of the pool. 

The estimates for excavation and embankment in this locality are but approxi¬ 
mate, but it is believed th-y are nmole.. The elevation (1520) for canal-bottom in the 
pool is thought attainable from the bottom elevations shown at. dam No. 7. This is l 
foot lower t hail the elevation for the slack-water lino in the pool below this dam. An 
examination may show the elevation 1521 to be better 

The object of this slack-water being to avoid the steep hill-side and the aqueducts 
from Muddy Creek to station. 1300, a site for a dam was at first tlioaght of Lear sta¬ 
tion 1206. 

Mr. Talcott informed me by letter that n good foundation for a dam could be found 
anywhere between Wolf Cn-ek and dam H. A location was begun for a canal on the 
rights bank from this dam to tbo lower end of the flats below. But. iu this distance 
the river has but a few inches fall and a slack-water reach made to avoid the bluff* 
below might as well extend up to the proposed dam. I Anally decided to use the site 
of dam No. 18. then to leave this dam by a guard-lock on tbe left bank, and by a short 
canal and lock to again enter the river above tbe mouth of Wolf Creek. I prefer this 
method to locating the dam farther down and lockiug directly from pool to pool, 
because tbe boats will now pass from one pool to the other pretty well removed from 
the influence during high water of the currents near tbe dam. The gnard-look as 
locate* permits passage through the guard bank some distance from the dam. lu tbe 
pool below dam No. 18 the elevation 1506 is taken for canal-bottom. Special exami¬ 
nation may show that it will be advisable to increase this 1 foot. This stretch of slack- 
water is to be formed by a dam below tbe bluffs on the right h »nk. Leaving thisdam 
by a guard-look, tbe line proceeds through tbe flats on the right bank, aud, to avoid 
the bluffs above Graham’s Ferry, agaiu i akes tbe slack-water, formed by the pool of a 
dam on the site of dam- No. 21. Below this dam the railroad crosses the river and 
slack-water is again resorted to, by which the line passes iiuder the bridge. 

2d. Alternate line on the bauk from Alderaou. Returning to station 1018 on right 
bank above Alderson, and leaving tbe first described line, tbe alternate enters the pool 
of dam No 16, with oaual-bottom at the elevation 1540. It may be that this pool 
might be entered with this elevation just below Rattlesnake Shoals, more than a mile 
above, thus saving Uie excavation of that length of canal. But it is probable that 
tbe approach to and exit from the locks would not be as convenient at any point above 
their proposed location. Besides, m- re locks would be necessary in the flight, or much 
shorter levels would bo required. The latter would not be desirable, and the former 
would render double locks necessary at the outset. The elevation chosen for this dam 
is the same as adopted for the slack-water. A higher dam would require greater 
expanse for changing the railro td, while a lower one would require an increase in tbe 
already heavy cutting through the town of Alderson. The line leaves this dam by a 
guard-lock, aud to make room for it on the river-batik it will be necesstry to change 
tbe location of the railroad and the railroad-depot. This relocation has been made by 
Lieuteuaut Mngaire. It can be bat approximate above the dam, as the dufveys did 
not include that grouud. 

Below Alderson the line requires no special mention till the long carve is passed, 
nearly 3 mil* s below the dam. Here, from insufficiency of room outside the railroad, 
the line passes into the slough. Dikes along the islauds and across tbe sloughs will 
keep tbe floods out of tbe canal. At Wolf Creek a location has-been mode for the 
canal on the s de-hill, and a location lias been indicated on the map for the railroad, 
by which it is thrown into a tunnel till this mountain is passed. The map suggests 
at this point a similar alternate to that at Rooceverte, viz, to construct a dam at tbe 
location indicated below the bluff. This location was surveyed for a canal-dam. Then, 
from the pool of this dam, lock up to the flats and counect with the original line. This 
will require a feeder along ihe bill-side to supply water for this secondary summit. 
The alternate line diverges from the first location at station 202, and enters tbe river 
with the elevation 1506, for canal-bottom, as proposed tor tbe line from dam No. 18. 

Estimates made of tbe two methods of passing Wolf Creek Mouutain, give the fol¬ 
lowing comparison: 

Canal-line along bluff, railroad in tunnel, from station 225 to station 271.. $345,458 50 
AUerLate slack-water and feeder canal, from station 206 to station 271.. 221,870 10 


Difference in favor of alternate. 123,588 4 # 

The former estimate would be greater if it included the distance from station 206 
to station 225. 

The estimate for the tunnel supposes the rock to stand without lining. The tunnel 
is for a double-track road. The objections to slack-water, particularly as tbo dam is 
low, are here very well provided agaiust, as tbe boats in the up-stream approach to the 
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looks at the dam will be qnite out of the immediate influence of the overflowing water, 
and a crib-work of little extent would make them still more secure. The feeder- 
canal will require an unimportant change of the railroad. This change is included in 
the above estimate. Through the flats below, the line requires no special remark. 

From station 344 to 430, there is no room for a canal between the railroad and the 
river. If the canal be kept on the river-bank the railroad must be put into tunnel 
from about station 360 to about station 330, and again for about 550 feet through the 
spur at the foot of the islands. In that case the canal can keep in the slough between 
these tunnels by raising the present railroad embankment slightly. The railroad 
must of course pass along the hill-side inside the slough. The slack-water device may 
be again availed Of, to avoid this change in the railroad, as follows : Diverge from the 
first line at station 344, aud enter the river by a flight of locks. The elevation 1497 
can probably be attained for canal-bottom. Build a dam on the site of dam No. 20, 
and then by a secoud flight of locks ascend to the flats on the left bank, and join the 
first line as indicated on the map. (Sheet No. 2.) 

A feeder must be built to supply the secondary summit near station 450. The con¬ 
struction of this feeder is somewhat complicated. The elevation of the canal-bottom 
at this secondary summit fs 1513. The canal-bottom has the same elevation at station 
344, where the alternate leaves the first line, aud the summit near station 450 must 
then be fed from above the lock at station 332. The surface of the CAnal at station 
450 is at the e'evation 1520. The canal-surface at station 332 is at the elevation 152*. 
The distance between these two points is more than 2 miles ; the fall in water-surface 
is 8 feet. All of this fall cannot be used unless the railroad were raised for a distance 
of about 2 miles. The elevation of the track at station 351 + 47 is but 1524, leaving 
but 4 feet of fall available between this point and station 450. The space outside the 
railroad and along the bluffs below Albert's Gut is very restricted, and the sectioo of 
the feeder should be as small as possible. To overcome the difficulty, a wide cut is pro¬ 
posed from the summit, uear station 450, to the slough above. This practically extends 
the summit-level up to the head of the slough near station 380. Theu by closing the 
outside of Albert’s Gut a reservoir is formed, which is the upper extremity of the 
feeder. The surface of the feeder at this point is taken at the elevation 1522, which 
permits a fall of 2 feet to the summit at station 381. Room may then be obtained for 
the feeder outside the railroad without disturbing it. 

The reservoir at Albert’s Got may be supplied from the canal above the lock at sta¬ 
tion 332, by a short feeder-canal inside the railroad, the water being permitted to flow 
from the main canal to this feeder and under the railroad, the track passing over the 
cut on piers and longitudinal timbers. A similar change in the cut from one side of 
the railroad to the other will be necessary before Btation 450 is reached. The ch&oge 
is indicated between stations 426 and 427. It is proposed to carry the track over on 
piers, permitting a free space of 100 feet for the flow of water from the left to right of 
the railroad. 

In considering this slack-water alternate with that at Wolf Creek it will be seen 
that, if both be adopted, the Wolf Creek feeder must supply both secondary summit* 
and the entire canal from station 270 to Graham’s Ferry. It has been estimated ac¬ 
cordingly, and to decrease the amount of water necessary the locks, both at the dams 
and at the head of the pools, have been arranged in flights, although the guard-walls 
of the lower lock should be carried nearly or quite as high as the walls of the upper 
one of the same flight. Were it not for the desire to decrease the amonnt necessary, a 
single lock of double lift would answer the purpose.* 

Estimates of cost give the following for comparison of the original line and this 
second alternate: 

Canal along the bank and through the slough, the railroad being put into 

tunnels and on to the hill-side from station 344 to lock at station 483.. $499,359 l** 


Alternate, station 344 to statiou 483 . 268,224 & 

Difference in favor of alternate. 231,031 20 


The railroad-tunnels are for double track and are supposed not to require lining. 

The two alternates save on the estimated cost a total of $384,623.60. 

From station 483 to Graham’s Ferry the location is simple. At this latter point the 
line as recommended enters the river to pass under the railroad as recommeuded for 
the line on the right bank. The comparison of cost of the two lines from Aldersoo 
to Graham’s Ferry can now be made. 

* With alternate passages no water is saved in dividing the entire lift into several 
smaller ones. Alternate passages may be infrequent, and therefyre there will be a 
saving of water by using several locks of less litt, instead of one lock of greater lift 
There may be a saving in first cost by constructing a single lock of sufficient lift at the 
outset. Then, when the commerce of the line increases sufficiently, the second lock of 
the flight might be built, and the lift of the first diminished by half. 
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Right bank. 


Station 1020 to lock at bead of pool above Wolf Creek. $331,222 26 

From pool at Wolf Creek to canal dam No. 4 and lock. 135,541 62 

Canal dam No. 4 to Graham's Ferry. 211,494 50 


Total.. 678,258 38 

Left bank . 

Station 1020 on right bank above Alderson to station 225 above Wolf 

Creek. $389,890 59 

Station 225 to 271—slack-water .alternate. 221,870 10 

Station 271 to 344 .... 52,478 85 

Station 344 to 483—slack-water alternate. 268,224 98 

Station 483 to Graham’s Ferry. Ill, 026 17 


Total left bank... 1,043,490 69 

Deduct estimate for right bank. 678,258 38 


Left-bank estimate exceeds that for right bank. 365,232 31 


If the slack-water alternate be rejected for the line on the left bank, the difference 
against the left bank will be $749,856.91. 

The estimates are exclusive of laud-damages, the difference in which could not be 
so great as to affect the decision with the above disparity of cost. The right bank is 
recommended. 

Before proceeding fiirther in the detailed description of the canal-line proposed from 
Graham’s Ferry, it will be advisable to consider the Great Bend (sheet No. 4) as a 
whole. 

When the surveys began I was of the opinion, from what had been recommended in 
previous surveys, that the Second Creek Bend would, without doubt, be tunneled for 
an ordinary canal-line, and that the Great Bend would be passed by a tunnel, whether 
canal or slack-water were adopted from Kanawha Falls to the Greenbrier Bridge. So 
confident was I of this, that I gave instructions that the canal-survey need not be car¬ 
ried round the Second Creek Bend, and I was also thoroughly convinced that it would 
l>e a waste of time to survey the river round the Great Bend. Accordingly, in the 
former case, only the slack-water line was run, and our data supply but approximate 
estimates for a canal, but I am confident they are ample. 

Further study of the subject of tunnel cuts-off for navigation modified my views, 
and I telegraphed to Mr. Talcott, in the field, to carry the slack-water survey around 
the Great Bend. I still adhered to the purpose of tunneling here for the ordinary canal. 
I have abandoned all the tunnel cuts-off. The objections to a slack-water tunnel 
through the Great Bend, mentioned in the description of the Black-water line, apply to 
the canal project also. These objections are, difficulty of approach, expense, accumu¬ 
lated lockage at the dowu-streaui end, whereby a long flight of locks (double) would 
be necessary in a narrow ravine and creek-bed, and a loss of time, offsetting, in a great 
measure, the gain in distance. 

Fortunately, the notes of the slack-water survey, carefully collated, demonstrate that 
a line round the bend is practicable at moderate expense. It has been noted that the 
lines from Alderson to Graham’s Ferry unite above the railroad-bridge, passing under 
in a slack-water pool. This is necessary, as the canal-liueshould not cross the railroad 
At or near a grade. As the railroad crosses from oue bank to the other, both lines (left 
bank and right bank) are compelled to pass in the same manner. 

To form this slack-water pool, a dam is proposed below Bacon’s Falls at station 
1876 -f- 22. The availability of this site was shown in the description of the slack- 
water Hue. This dam will he about 27 feet high. The line will leave this pool 
by a lift lock on the left hauk. I recommend that this lock be bnilt as a guard- 
lock inside the dam, and a lift-lock outside, so that, when there he a rise on the 
comb of the dam, the upper or the guard lock will become a lock with a lift equal 
to this rise. Otherwise, from the great height of gates necessary, the maneuvers 
might be too difficult iu a high flood. With an ordinary guard aud lift lock the 
lift would be the normal lift iucreased by the height of the flood. Security is offered 
Against accident by dividing this entire lift into two of less height. From this dam 
the line keeps on the left bank, as shown, to about station 2050, passing over Stoney 
and Little Stoney Creeks on aqueducts, and iuside the kuoli at the Blue Hole. At 
about station 2060 the hills close into the river on the left bank, and the ground 
opens on the right. A dam at this poiut, of sufficient height to cross to the flats oppo- 
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site, would supply slack-water navigation from above Stoney Creek. If tbe erasing 
were made, the same difficulty would be met with round the next bend, where, if a 
crossing were made, the water would be backed, to the previous crossing, with suffi¬ 
cient depth to afford a constant slack-water navigation. Tbe same state of affahs 
would exist at the lower end of the flats below the second crossing. The best solutioa 
of this is, probably, to enter slack-water at station 2050, locking down 13 feet for this 
purpose. Then, if a dam be built near station 2150, with comb at tbe elevation 1,427, 
the pool of a dam on the site of dam No. 29 may be attained by a lift of 10 feet. The 
latter dam will permit tbe line to leave ou the right bank, by a guard-lock, at suffi¬ 
cient height for crossing the creek below. It may be necessary to locate the former 
dam lower down than indicated. 

Mr. Talcott writes me that “ Good foundation can be had for a dam some distance 
above dam 28, but I do not know certainly of any at the head of the flat ou left bank. 
1 think, however, that yon would be safe in assuming a good one anywhere there if 
you allowed a good sum for tbe foundations.” 

The location from the dam below Bacon’s Falls is approximate only, and a special 
survey would probably modify it in detail, both as to plau and the location of tbe locks. 
In the estimates my endeavor has been to have the quantities full; I believe the exca- 
vatiou will be found in excess. Masonry can be more closely approximated to. The 
estimated cost of the line round the bend ($08,392.86) is much less than what the tun¬ 
nel cut-off could be t . 

From the ravine at the western portal of the Great Bend tunnel (Chesapeake and 
Ohio Railroad) to the junction w ith the New River division the location was made by 
Lieutenant Maguire. From the ravine the canal keeps on the right bank to station 
248 of tlic line from tbe tunnel-portal, passing over Powley’s and Big creeks on aque¬ 
ducts of small span. At station 248 the line enters the pool of a dam on the site of dam 
No. 32, with canal bottom at the elevation 1,368.8, (according to the Greenbrier levels.) 
At dam No. 32 a gnard-lock on tbe right connects the Greenbrier and the New River 
divisions. Tbe quantity of retaining-wall necessary and the heavy excavation render 
this section quite expensive. 

It might be found on examination that the following line would be an available and 
a desirable substitute, viz: Leave the dam near 2150 by a guard-lock on the left \jank, 
and then, by caual, through the flat, enter the river where the bluffs close in below, 
with the elevatiou 1,396 or less for canal-bottom. Build- a dam at the site 30 A, with 
conib at elevation 1,403 or less. This dam would not be more than 23 feet high. 
Lock down from this dam to the elevation 1,386 or less, according to location above. 
At station 194 build a dam with comb at the elevation 1,393 or less. There is a rock 
foundation here. The dam would be 24 feet high. Lock down from this dam to eleva¬ 
tion 1,376, (probably.) Build a dam ou tbe site of dam No. 32, with comb at tbe ele¬ 
vation 1,383, (probably,) and there, by a gnard and lifr. lock, as at 1876-f-22, connect 
with the New River division. This last dam would be 19 feet high, and the lock 7.2 
feet lift, (probably.) This method would add but one more Black-wafer pool to the 
line, and I should expect a saving of about $300,000 in tbe estimated cost. The data 
now at hand are not sufficient for an accurate estimate of this substitute, and in the 
project offered I wish to have sb little conjectural as possible. The Great Bend should 
again be surveyed for the accurate location of the line, and the examination for this 
suggested substitute could be made at the same time. A good amount might be saved 
on the estimates by going into slack-water above Powley’s Creek, but it would bess 
well to examine the above substitute before adopting either. Detailed estimates of 
cost accompany this report. The estimates have beeu subdivided, so that a compara¬ 
tive estimate of any change, however small, may be readily made at any time iu the 
future. 

The earth-excavation for locks is estimated at 10 cents extra per cnbic yard to cover 
the replacing of this earth as an embankment on tbe sides of the locks. When possi¬ 
ble, the excavation is intended to supply the embankment required. The possible 
difficulty of procuring good Btone for cut masonry was mentioned in the report of the 
summit division. * 

Nearly all the estimates of qnantities for the Greenbrier division were made by 
Lieutenant Maguire. Mr. J. L. Seager made those for the slack-water alternates ex¬ 
clusive of lock masonry. The estimates for the recommended canal-line for the Green¬ 
brier division aggregate $4,538,349.85. The slack-water estimates exceed this by 
$1,712,940.17. 

I have not considered it necessary to prepare a comparison of their respective ad¬ 
vantages in the Greenbrier division, as I suppose the decision of the question whether 
the canal or the slack-water shall be chosen will depend on the New River division. It 
may be well, however, to note that on the Greenbrier the canal-line as recommended 
consists in good part of slack-water, while the slack-water system consists in a good 
part of canal. 
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RECAPITULATION OF ESTIMATES FOR CANAL-LINE AS RECOMMENDED. 
Greenbi'ier division. 


Howard’s Creek to station 254. $231,660 43 

Station 254 to station 397 slack-water alternate, avoiding canal along 

bluffs at Ronceverte. 357,543 25 

Station 397 to pool of dam No. 9. ;. 99,208 38 

Dam No. 9 to dam No. 11 and lock, inclusive. 433,165 64 

Dam No. 11 to station 1020... 626,279 60 

Station 1020 to pool at Wolf Creek. 331,222 26 

Pool at Wolf Creek to Graham’s Ferry. 211,494 50 

Great Bend section .. 898,392 86 

Great Beud to mouth of Greenbrier. 799,805 67 


3,988,972 59 


Guard-cribs at 12 dams, at $5,000.*. 60,000 00 

Land damage: 

48 miles long and 0.06 mile wide (316.8 feet) = 2.88 square miles = 

1,843.2 acres, at $25... 46,080 00 

Grubbing and clearing: 

48 miles long and 0.02 mile (105.6 feet) wide = 614.4 acres, at $50... 30,720 00 

Contingencies, 10 per cent. 412,577 26 


Total canal estimates, Greenbrier division. 4,538,349 85 

If line along bluffs at Ronceverte be adopted, there must 

be added to above estimate. $206,425 68 

Contingencies, 10 per cent. 20,642 57 

- 227, 068 25 


4,765,418 10 

All of which is respectfully submitted. 

Thomas Turtle, 

First Lieut, of Engineers. 

Maj. Wm. P. Craightll, 

Corps of Engineers , XJ. S. A. 


REPORT ON RE-EXAMINATION AND SURVEY OF THE NEW RIVER DIVISION, SURVEY OF 
1874, BY MR. N. H. HUTTON, ASSISTANT ENGINEER. 


Baltimore, May 28, 1876. 

Colonel: I have the honor to submit the following report of the results of the 
re-examination and survey of the New River division of the central water-line, made 
under your direction during August, September, and October of 1874. 

Your instructions, dated July 15, 1874, said # * * “not later than August 1, 
you will enter upon a resurvey of the Greenbrier River below Howard’s Creek, and of 
jtfew River below the Greenbrier, the object being to fix the precise location of dams 
and other details of the slack-water navigation ofthose streams, with the collection of 
such additional information as will enable a detailed determination to be made of the 
location and cost of the canal which, by some engineers, is considered a necessity for 
that part of the line, and by others a desirable though not a necessary alternative to 
the slack-water. You will keep in view also the possible advantages to be gained by 
resort to tunnels for avoiding difficult places, in the valley of New River especially, 
and thereby at the same time shortening the line, either for oanal or slack-water navi¬ 
gation.” 

41 It is desirable, if possible, that the information you will gain be such as to enable 
the work along that portion of the line to be put promptly under contract should Con¬ 
gress provide the means.” * # * # # 

Under these instructions, the organization of two engineering parties was at once 
commenced, one for the examination of the slack-water scheme and the other for the 
survey of an independent lateral canal. 

On the 1st of August both parties were assembled in camp at the mouth of Howard’s 
Creek, and operations were commenced at that point. A rapid reconnaissance mean¬ 
time was made of the valleys of the Greenbrier and New Rivers, which developed the 
impracticability of procuring, over this whole distance, the amount and quality of 
information called for by your instructions with the time and money at my disposal. 
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I was accordingly relieved of the duty of examining the Greenbrier division, and the 

{ tarries under ray charge were transferred to the New River, at the mouth of tbeGreen- 
>ricr, where the field-work w T as resumed on August 8, continuously carried forward to 
Kanawha Falls, and completed about November t. 

Throughout this division (6*2 miles in length) transit and level lines were run by 
l>oth parties, aud sonndiugs were made, where practicable, to determine the form and 
character of the river-bottom, depths of water, &c. 

Using the survey of 1872 (made under the late Mr. E. Lorraine) as a basis, sites fot 
locks aud dams were selected, surveyed, aud marked in the field, the governing con¬ 
siderations being that all dams should be located on foundations of solid rock, should, 
if possible, be at least 600 feet long on the crest, aud that they should nowhere endan¬ 
ger, by overflow, the track of the Chesapeake and Ohio Railroad during floods of equal 
volume to that of 1861. 

Au experimental line for a lateral canal, with cross-sections of the surface at every 
hundred feet, was traced aud marked from the last dam on the Greenbrier 4> the pool 
above Kauawha Falls, a distance of 60 miles. The location was governed by the con¬ 
sideration that the top of the tow-path bank should be two feet above the flood-line of 
1861, the marks of which were obtained and noted wherever practicable. 

Detailed surveys aud measurements were made to determine the cost of removing 
from the river-bed the masses of loose rock which now encumber it between Keeny’s 
Shoals and Narrow Falls, a distance of about 20 miles, through what is sometimes 
called the “gorge” of New River. 

Surveys were made with a view of cutting off bends in the immediate valley of New 
River by means of tunuels, wherever practicable, and extended reconnaissances and 
surveys were made to determine the practicability of suggested lines using tunnel* 
outside the limits of the immediate valley, aud cutting off large sections of the river 
proper. 

Siuce the completion of the field-work, the want of money has greatly retarded th* 
preparation of maps, drawings, and estimates of cost, which have mainly beeu done 
by the office staff when they could be spared from other duties. Nevertheless, it is be¬ 
lieved that the papers, drawings, &c., herewith submitted furnish all the information 
called for by your iustructious. 1 


PLANE OF REFERENCE. 

The levels, as marked and described on the maps, drawiugs, profiles, &c., refer to 
elevatious above tide-water at Richmond, Va. 

The basis for all the levels was a bench-mark on the left bank of the Greenbrier, 
near our iuitial point, established by the party under the 1 ite Mr. Ed. Lorraine, in 
1872. This bench-mark was, in turn, established by levels based upon a bench-mark 
established by parties upder Mr. VV. R. Hutton, in 1870, on the left bauk of the Green¬ 
brier, near the mouth of Howard’s Creek, the levels having been brought over the 
AUeglmuies by these parties. 

During the summer of 1874 other lines of levels were brought over the Alleghanies 
by parties uuder Lieut. Thomas Turtle, Uuited States Engineers, which were found to 
differ somewhat from those of 1870, and upon their prolongation to the month of the 
Greenbrier this difference was increased largely, so that, according to the last levels 
run, our bench-mark at initial point was 4.8 feet too low. This discrepancy was not 
discovered uutil the field-work and notes of both divisions were completed, and, in 
order that the drawings might correctly represent the coutents of the note-books, the 
origiual levels have been retained and marked, so that the water-surface at dam No. 
32 of the Greenbrier division appears to be 4.8 feet higher on the maps and profiles of 
that division thau the level of the same point appears to be oo the maps and profiles 
of the New River division. In other words, to reduce the levels of New River divis¬ 
ion to correspond to those of the Grecubrier division, 4.8 feet must be added to them. 


GENERAL FEATURES OF THE COUNTRY. 


The New River, throughout the portion which was embraced within the limits of 
this survey aud report, presents iu various degrees of development in its different sec¬ 
tions the contracted valley and suddeu changes of slope usually found in streams flow¬ 
ing through mountainous districts. Betweeu the Greenbrier aud Kanawha Falls, the 
river may be divided into four sections, possessing, in varying and increasing propor¬ 
tions, from the upper to the lower end, the characteristics refeired to. 

The fiist section (about 15 miles long) extends to Meadow Creek, with an average 
fall (excluding the abrupt fall at Richmond's) of about 7 feet per mile. The valley, 
though narrow, presents usually on one side or the other strips, at least, of bottom¬ 
land, aud the liill-slopes are not continuously precipitous. 

The second section (about 25 miles long) exteuds to Sewell, with an average fall of 
about 11 feet per mile. The valley becomes more contracted; bottom-land (properly 
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so called) has almost entirely disappeared, its only representative being short stretches 
of high beuch-laud. Vertical cliffs impinge more frequently npon the water’s edge, 
and the hill-slopes are everywhere ragged with masses of rocks detached from the cliffs, 
always found at short distances in the rear. At this point (Sewell) is usually said to 
commence the “gorge” where the river breaks through the high lands counecting the 
Gauley Mountains with those of Coal River. 

The third section (12 miles in length) extends to Hawk’s Nest, with an average fall 
of 17 feet per mile. Throughout this, as well as the following section, the river has 
cut its way over a thousand feet deep through the highlands, and were it not for the 
more friable nature of the materials encountered, (sandstones and shales,) would pre¬ 
sent all the features of a veritable cafion as fouud in the metamorphic regions of the 
Great Basin. 

Both valley and river-bed are very much contracted, with steep slopes of loose rock 
thrown down from the cliffs. The water-way is frequently clogged with large masses 
of rock, through which the river alternately rushes with violeuce in many narrow 
streams, or eddies in deep aud sluggish pools. 

The fourth section, extending to Narrow Falls, about seven miles in length, has an 
average fall of 19 feet per mile, and is the culmination of the gradual increase of rug¬ 
gedness, contraction, aud slope. Though the average fall, as stated, is 19 feet, there 
are several miles iu which the fall is nearly 30; there can hardly be said to be any v alley ; 
the vertical aud at times overhauging cliffs rise abrubtly from the water’s edge, or 
are at best only separated from it by a slopiug mass of loose rock of all shapes and 
sizes; the masses of rock cumbering the water-way appear at times almost to have 
absorbed the river, which truly offers at first sight small chance for improvement. 
From this point (Narrow Falls) to the Kanawha Falls the river exteuds in a wide pool 
of varying depth, the side-hills come closely down to the river uutil the Gauley enters 
on the right bank, from which to the falls the valley expands ou that bank in a wide 
Bat. The width aud depths of water-way on this whole division vary so frequently 
and so greatly, that it would be impossible to give au accurate general statement of 
them; it may, however, be roughly said iu the first section the width is from 400 to 
800 feet, w ith a depth of from 7 to 12 feet in the pools; in the second section, from 230 
feet to 400 feet, with the same depths in the pools; aud iu the third aud fourth sec¬ 
tions it rarely ever exceeds 230 feet in width, and is often less thau 200 feet, with 
depths in the pools as great at places as 30 to 40 feet. 

It flows in alternating pools and rapids, with depths in the latter varying from a few 
inches iu the upper sectious of the river to 10 feet in the lower portions. The only 
verticil falls encountered are Richmond’s, about ten miles below the Greenbrier, where 
the river falls 2d feet, 15 feet being nearly vertical over a ledge of hard, conglom¬ 
erate sandstone; and Kanawha Falls, where it descends 19$ feet over a ledge of sand¬ 
stone. In both cdses the river has a width of over 1,000 feet on the high-water crest- 
liue, and immediately above the river is very shal ow. At Richmond's Falls, the hill- 
slopes, or cliffs, come closely down to the water’s edge ou both sides of the river; at 
Kanawha Falls, the hills come down closely ou the left bank, aud a wide, low bottom 
exteuds aloug the right hank. 

The Chesapeake aud Ohio Railroad occupies the right bank of the river, from the 
Groenbrier to Hawk’s Nest, aud the left bank thence to Kanawha Falls. The rock ex¬ 
posed throughout is mainly a compact saudstoue, iu nearly horizontal beds, occasion¬ 
ally overlaid with red shale, and sometimes merging into a hard conglomerate, as at 
Richmond’s Falls. The hill-slopes are generally formed of ddbHs from the adjacent cliffs 
iu the upper portion, to some extent mixed with alluvial deposits; but lower dowu 
they form, as before stated, almost pure masses of detached rock. A large majority of 
the shoals are composed of loose rock and bowldirs forming dams, over and through 
which the river flows, and which have apparently (after the manner of the formation 
of “ pot-holes ”) abraded and broken up the bed-rock to great depths, rendering these 
apparently natural sites for dams actually the least desirable, in so far as foundations 
are concerned. For this reason it will be found that in the preseut project the dams 
are frequently located in the deep water, above the shoals, giving an increased height 
of masonry, hut securing undoubted rock-foundations. Except at the shoals, the 
soundings indicated generally a bottom of rock in place, with little or no deposit over¬ 
lying it. The bottom-lauds have generally a loose, sandy soil, in most coses inti¬ 
mately mixed with debris from the cliffs. 

The side-bills are almost entirely destitute of anything like soil iu masses, such as 
there is being swallowed up in the crevices of the loose rock which everywhere cov¬ 
ers their slopes. Nevertheless, walnut and poplar timber, of large size aud excellent 
quality, abounds ou these slopes throughout the whole d stance. 

The sandstone everywhere found is of excellent quality for building purposes, and 
easily quarried, in immediate proximity to the sites where required for use. 

The question of water-supply does not euter into the discussion of any method of 
navigation-improvement, as its abundance is undoubted, its superabundance during 
freshets being the most formidable obstacle. 
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Until the construction of the Chesapeake and Ohio Railroad, owing to the scarcity 
of arable land, the valley between the Greenbrier and Kanawha Falls was an unknown 
land, except to parties of surveyors or hunters who at long intervals forced their way 
down it. Owing to this absence of settlement, we have not only no accnrate record as 
to the volume, frequency, and duration of floods, but not even the ordinary hearsay 
information usual in such cases. The wild and gloomy appearance of the river through 
the “ gorge,” as seen from the cliffs above, has doubtless caused an exaggeration of 
their heights and violence, great as they undoubtedly are ; but that they attained 
great heights, with extreme rapidity, is all that we really do know. Daring the sun¬ 
nier of 1H>1 occurred a freshet which is admitted by the few old settlers scattered 
throughout the valley to have been the greatest known for forty years; and of this 
some few records of heights are obtainable, though that they are nncertain may be 
admitted, when it is known that at one poiut a difference was found of 7 feet in the 
elevations, as given by different persons claiming to have seen and noted the flood ac 
its height. However, this flood, and the measures of it thus obtained, have, since its 
occurrence, been used as the standard of reference by the Chesapeake and Ohio Rail¬ 
road Company and for all projected improvements of the river, including the projects 
herewith submitted. To determine its volume, reference has been had to its reported 
observed height of 8 feet just above the crest of Richmond's Falls. 

It has been assumed that for a length of 1,200 feet (which is less than the develop¬ 
ment of the crest-line by probably 15 per cent.) the discharge was equivalent to that 
over a weir having 8 feet depth above the comb. This would give a volume for this 
flood of about 90,000 cubic feet per second, which is the amount that has been assum'd 
heretofore as well as in this project to determine proportions of guard-walls aud banka 
and the heights of dams with reference to the railroad. From observations at other 

r lints of the water-marks of this flood, combined with the cross-sections of the valley, 
ant incliued to the belief that this estimate of quantity is exaggerated. It is true 
that the data available are too rude for other thau a very approximate solution of rbe 
question, and altogether insufficient to justify the construction of works on any other 
basis previous to the procurement of more reliable information. The matter is referred 
to simply to call the attention to the powibility of greatly lessen ng the cost of any scheme 
of improvement by the aid of more full and reliable data as to the floods. The reasons 
fora belief in this possibility are twofold ; in the first place, the observed height of 
8 feet at Richmond's Falls was toward (if not on) the left hank, from which extends, 
for more than half the total width of the river an irregular island, (or peninsula,) im¬ 
mediately below the crest of the falls, at some points really connected with it, at many 
nearly of equal height, aud covered throughout with loose rock and a dense growth 
of timber, which duriug this great freshet was in full foliage. It seems almost impos¬ 
sible that this obstruction to the free escape of the water should not have caused 
an elevation of the level of the crest on this part of the line over that portion 
which afforded a free discharge, aud consequently the assumption that 8 feet was the 
average depth is an overestimate. Secondly, a comparison of the observed heights of 
the flood, at some points, with the cross-sections of the valley, with liberal allowances 
for the unknown and for errors in thq known quantities, indicates a volume not ex¬ 
ceeding 60,000 or 65,000 cubic feet per eecoud. Should this assumption prove to be 
true, it will result that the project as now presented will tax the work with difficulties 
of execution and operation in excess of any probable requirements. The evidence of 
flood-heights in the “gorge” of 50 to 60 feet was, at the time of this survey, confined 
to a single log lodged in the cliffs, in the right bank, below Cotton Hill station. This 
undoubtedly presented evidence of abrasion, as if by contact with water and rocks, 
yet it may have come down the hill and not up, for almost immediately below it 
(about 30 feet) is a cave or hole in the cliffs, so situated that it would seem impossible 
for all, if any, of the drift entering it to escape ; yet a careful investigation failed to 
discover any signs of such deposit within it. 

8LACK-WATER IMPROVEMENT. 


The general arrangements for this method of improvement, as set forth in the report 
of survey in 1872, made under your direction by the late Mr. E. Lorraine, necessarily 
formed the basis of operations for this re-examination. There remained only to be de¬ 
termined the feasibility and costs of eliminating from that project certain features 
(mainly relating to the foundations for and length of dams) which were considered 
objectionable. # 

The qoestion of water-supply, as before stated, does not enter into the question, ex¬ 
cept as to protection against its superabundance. 

The resnlt of the re-exauiinatiou will probably be more readily appreciated by* 
summary of the leading features of the former projfct and that now presented for con¬ 
sideration. As arranged aud estimated for iu 1872, the plan embraced (.between the 
mouth of Greenbrier and the pool below Kanawha Falls) 38 dams, 9 of which were 
located on foundations of loose rock. Their average length on crest was 581 feet; mini- 
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mum length, 317 feet; and average height above foundations, 25£ feet. (The maximum 
lift at any one look being 25 feet.) The project, as now presented, proposes 33 dams, 
all located on solid-rock foundations, with an average length of 709 feet, a minimum 
length of 550 feet, a mean height of 24 feet, and a maximum lift of 22 feet, making, as 
compared with the former arrangement, a decrease of 5 in the number of dams, or 13 
per cent.; an increase of 128 feet in mean length, or 22 per cent.; an increase of 233 
ieet, or over 60 per cent., in minimum length; and a decrease of 3 feet in maxitnnm lift, 
without material change in the average height above foundations of the dams. The 
diminntion of the number of dams, without increase of height, is proposed to be 
obtained by a resort to sections of lateral canal around some of the greater descents, 
and by the excavation of channels through the shoals next below the dams, in order 
to utilize the natural depths of water fouud at their feet. 

The increase of mean and minimum length is proposed to be obtained by building 
the dams obliquely to the thread of the current in oue or more branches, and by the 
location of the loess and lateral canals as far into the hill-sides and away from the 
low-water border as circumstances will permit. This latter arrangement affords the 
greatest possible development of crest-line, ns it obtains nearly the entire distance 
between the level contours on either side of the valley corresponding to the reference 
of the comb of the dam. It evidently, however, requires very considerable excava¬ 
tions to form approaches to the locks, and in some cases the removal of projecting 
points of the side hills above and below the dams, to permit the free access and dis¬ 
charge of flood-waters. On the other band, in addition to the increased length of the 
dams, it partially removes the locks from the more violeut assaults of the floods, and 
is believed to afford the nearest practical approximation to compliance with the sug¬ 
gestion that the locks should be located in lateral ravines, eutirely removed from the 
river-bed, for the reason that these are always narrow, rugged, and precipitous, liable 
to frequent and violent floods of short duration, which bring down masses of stone 
and timber, rendering them, if anything, more dangerous than the main stream to the 
stability and security of the works. 

Examinations for tunnels were made across all the principal bends of the river that 
would be accessible to either a canal or slack-water improvement. The location of 
the Chesapeake and Ohio Railroad would prevent (with any reasonable degree of 
economy) the approach to any possible tunnel occupying the same side of the river as 
the road, and consequently no examinations were made on that bank, except at the 
Stretcher^ Neck Tuunel. 

Tnnnel-line No. 1 passes through the first bend above Stretcher’s Neck, leaving the 
river above Quinimont Station and striking it again immediately opposite the entrance 


to Stretcher’s Neck tunnel. 

The distance by river is. 11,600 feet 

And by tunnel. 3,600 feet 

Or, tnnnel-line saves . .. 8,000 feet 

The tnunel-line will cost about... $1,750,000 00 

And the river-line will cost about. 108,000 00 

Or, copfc of tunnel-line will exceed line around by. 1,642,000 00 

Tannel No. 2 is through Stretcher’s Neck bend. 

The distance by river is... 19,000 feet 

And by tunnel. 2,000 feet 

Or, tnnnel-line saves.-.. 17,000 feet 

The tannel will cost about.$1,037,000 00 

And by river will cost about. 570,000 00 

Or, tnnnel-line exceeds in cost by. 467,000 00 


Tannel No. 3 is about 5 miles below Stretcher’s Neck, and cuts off Buffalo Shoals. 


The distance by river is. 14,000 feet 

An d by tunnel is. 4,950 feet 

Or, tnnnel-line saves. 9,050 feet 
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$1,230,000 

237,000 


Or, tunnel-line costs in excess. 993,000 


Tunnel No. 4 is through the first bend below Hawk’s Nest, aud is the first oneloeated 
on the right bank of the river. 

The distance by river is. 12,000feet 

And by tunnel-line. 6,400 feet 


The cost by tunnel is about 
And by river is about. 


Or, the tunnel line saves. 5,600 feet 

The cost of tunnel-line is about. $1,529,000 

And the river-line about. 453,600 


Or, tunnel cost is in excess by 


1,075,200 


Tunnel No. 5 is also on the right bank, and cuts off the Blue Hole Bend. The line 
would, at lower end, strike the river at the foot of Narrow Falls, above dam No.32. 


The distance by river is. 12,500 fe*t 

And by tunuel is... 7,760 feet 

< — 

Or, the tunnel-line saves about. 4,740 feet 

The cost of tunnel-line is. $2,087.50' 

And the cost by river is. 427,17b 


Or, the tunnel-line exceeds in cost about 


1,660,322 


Tunnel-lines Nos. 2 and 4 will enable one dam at each place to be dispensed with. 
The others save nothing in this respect. All the tunnels will require a guard-lock in 
additiou to the same number of lift-looks as the lines by way of the river. 

If the adoption of these tunnel-lines would serve in any oondderable degree to raise 
the standard of utility of the slack-water scheni9, or, iu other words, if their use wonld 
enable the whole division to be navigated during Hoods of greater volume than could 
be done without them, their construction might be advisable even at a greatly in¬ 
creased first cost. But this would manifestly uot be the case, for the reason that those 
portions of the route not affected by any of the tunnels possess all the characterisua 
of tho portious avoided by them. 

The river above tunnel No. 1 presents no greater facilities for the operation of* 
slack navigation than is fouud iu the bend cut off by tfie tunnel, and the same is true 
of the portious between Nos. 2 and 3 and Nos. 4 aud 5. Those portious of the rirer 
avoided by lines Nos. 4 and 5 undoubtedly offer very formidable obstacles to the con¬ 
struction and operation of any scheme of navigation improvement, and here, if any¬ 
where, the resort to tunneling might be true economy. The river at these places b» 
for several miles, an average fall of 26 feet per mile, one of the miles, avo ded by too- 
nel-line No. 5, having a fall of about 30 feet. Yet even here the intermediate portion* 
not affected by the tunnels are equally unfavorable with those avoided, aud for the 
“ gorge,” as elsewhere, the only real gain possible by means of tuunels isthat of dis¬ 
tance or time. 

Assuming 20 minutes as the time required to pass through one of these large locks, 
and the average rate of travel by boats iu the pools as 3 miles au h mr, Uie extra 
guard-lock at each tunnel will consume au amouut of time equal to 1 mile ofdsUnet- 
If we further assume, as is reasonable, that the rate of travel through the tunnels and 
approaches will be ouly 1^ miles per hour, there will result the follow.nj com lariaon 
of times by the several tunnels aud by the river, excluding lockages common to both 
routes: 

Minm 


Through tunnel No. 1. G 

By river. jj 

Through tuunel No. 2. ® 

By river. *• 

Through tuunel No. 3. 57 

By river. ^ 

Through tuunel No. 4. 51 

By river. 37 

Through tunnel No. 5. $ 

By river.;..... 37 


Digitized by ^ooQle 




























I 


APPENDIX V. 


733 


So that, even allowing a much lees time for lockage and a greater rate of speed 
through tunnels and approaches than above, the fact remains that there would be no 
gain in time by the nseof any of the tunnels except No. 2, (through Stretcher's Neck.) 
For these reasons, though estimates of cost are submitted for tunnels, only that throngh 
Stretcher’s Neck is embraced in the main estimate showiug the total cost of the slack- 
water scheme. 

The ultimate utility of the whole project is evidently governed by that of its worst 
portion, which is the gorge between Sewell and Narrow Falls, and the utility of tlvs 
section evidently depends upon the number of days during which navigation would 
be suspended by reason of floods rendering the pools impassable. 

The data necessary to a very positive determination of this question are not to be 
had; yet sufficient is known to enable an approximate solution to be made, which will 
be satisfactory just in proport ; on to the certainty that the assumptions are all made 
against, rather than in favor of, the slack-water navigation. Under certain assump¬ 
tions, which are in harmony with the facts, in so far as known, a table (hereto ap¬ 
pended) has been prepared, showing the discharges and velocities corresponding to 
every foot in depth, from 1 foot to 14 feet, on the comb of dams similar to those pro¬ 
posed for this part of the work. Assuming that a velocity of four miles an hour at the 
upper ends of the pools will represent the limit against which such boats as would 
probably be used on this improvement could be propelled, it will be found by reference 
to the table that, for the duration of any flood discharge exceeding 37,000 cubic feet 
per second, navigation by slack-water would be entirely suspended throughout the 
gorge. 

Tne only definite information on record as to the height and duration of floods is 
confined to observations made by Mr. E. M. Tutwiler, civ-1 engineer, (at the time in 
the service of the Chesapeake and Ohio Railroad Company,) who has kindly furnished 
a profile of his results, which is appended hereto. 

These observations were made near Buffalo Shoals, about 5 miles below Stretcher’s 
Neck, and extend over a period of about nine months, from June 12,1872, to March 17, 
1873. The season appears to have been prolific in frShhets, no less than ten being 
noted exceedirg 6 feet in height above low water. The extreme range was 19 feet 
above this plane, and for 247 days out of 278 days, or about six-sevenths of the time, 
the river was at various stages above low water. 

If these observations had included measurements of slope or velocity, or had similar 
ones been made above and below, so that the volume of discharge at the various 
heights could have been determined, the question would have at once been settled for 
all similar years. As this was not done, we can only approximate a solution, based 
upon assumptions always certainly against the slack-water. 

The flood of 1861 (according to marks given by persons who resided in the vicinity 
at that time) attained at this point a height of about 22 feet, and according to the es¬ 
timates hitherto used, based upon its depth on the crest of Richmond’s Falls, its vol¬ 
ume was about 90,000 cubic feet per second. 

If we assume that at one-half the height the volume of discharge would be -fa , 
(which is certainly a liberal allowance,) it will result that during the continuance of 
floods exceeding 11 feet in height at this place the navigation by slack-water would 
be suspended throughout the gorge. 

An examination of the records of Mr. Tufcwiler’s observations shows that during the 
nine months covered by them there were four days in January and five and one-half 
days in February, or nine and one-half days in all, during which this suspension of 
navigation would have obtained in 1872 and 1873. 

Whether this season was a fair average as to h’gh waters we cannot tell with cer¬ 
tainty, owing to the absence of records, but it certainly could not be considered a 
low*-water season. 

MECHANICAL STRUCTURES. 


Locks .—The drawings herewith submitted show in detail the type of locks, gates, 
valves, &c., proposed to be used as applied to the mean or average lift of 15 feet. In 
accordance with the resolution of adopting for the locks of the canal division a width 
of 24 feet, the plans for the slack-water locks have been made 250 feet by 48 feet in 
the chamber, instead of 240 feet by 40 feet as hitherto proposed and estimated for. 
The details of gates, valves, &c., are of course only intended as studies, and it is hardly 
to be doubted but that in the course of construction many improvements and econo¬ 
mies can and will be made. The locks throughout are proposed to be protected 
against submergence by floods of 100,000 cubic feet per second, or 10 per cent, greater 
than than of 1861. The walls and gates are proposed to be arranged to permit the use 
of the locks when the river is at the maximum navigable height in the pools. Owing 
to the fact that the locks are located as far as possible from the water’s edge, guard- 
banks are short and nnimportant, the wing-walls frequently being sufficient. It is 
proposed to found all locks on solid rock, and in preparing the estimates its position 
was determined, where concealed from view, by reference to its exposure In the river- , 
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bed and in the adjacent hill-sides. The drawings show the apper gates resting on 
breast-walls; this is proposed to be done only when the excavation is ia solid rock, or 
iu other special cases; generally, the upper and lower gates will have the same height, 
iu order to prevent a water-fall at the head of the chamber when using the valves in 
the gates to fill the lock. 

The lock-flooring of timber and concrete, shown and estimated for in each lock, is 
only proposed to be used where the rook is seamed or imperfect, a matter only to be 
determined by actual experience. 

It is proposed to build the chamber-walls of rubble-masonry, “pointed off” on tbe 
interior, and tbe bead and tail walls of random-ranged masonry, dressed on exposed 
faces. 

Tbe walls have been designed to resist the pressure of the water when at flood- 
height, supposing the chamber filled with water to the lower level. 

The Europeau practice appears to be to cousider the lock-chamber empty and tbe 
exterior water at flood-height; but as this method would greatly increase the volume 
and cost of masonry, and could only be demanded by tbe possible necessity of empty¬ 
ing and repairing the lock-cbambcrs dariug great floods, it has been thonght an unne¬ 
cessary expeuse for this project, as the emergency, should it arise, could be met by 
bracing the walls from tbe interior. 

The details of the wrought-iron gates are adapted to this project, mainly from tbe 
drawings of a lock-gate at Clarendon, (France,) as illustrated by Da Lagrene, in his 
“ Cours de Navigation Interieure.” 

It is expected to fill aud empty the locks by means of iron pipes in the side-walls, 
passing behind the hollow quoins, as well as by valves iu the gates. It is estimated 
to till a 15-foot lift-lock by the pipes alone in 12 minutes. 

A method of maneuvering large lock-gates with certainty and celerity appears to he, 
m yet, undiscovered. The arrangements commonly in use are beams, or spars, for port¬ 
ing shut or pulling open the gates, chains working over drums ou the side-wads, two 
chaius being required for each leaf, a toothed irou arc secured to upper part of gate at 
about one-quarter the width of the leaf from the •* heel-post,” aud working into a cor¬ 
responding arc imbedded in the side-wall, the arrangement being worked by crank and 
pinions ; aud finally, by a system of gearing worked from the top of the gate, actuating 
a wheel or roller traveling on a track ou the floor of the gate-recess. 

A necessary condition to the successful working of any of these plans requires that 
the roller-track near the outer end of the gate (which is common to all large lock-gate 
plans as a point of Bnpport. &c.) should remain unobstructed by deposits of sediment 
or debris of any kind. If this condition is maintained it would seem that the system of 
moving the gate by machinery attached to the outer end, and worked from the top of 
the gate itself, ought to be the more compact aud eflective mechanical arrangement for 
effecting the desired object. 

The drawings show this method of working, as well as by asimple roller to be moved 
by either chains or booms. The booms are cumbersome and greatly in the way in a 
narrow valley like that of New River. The chains interfere with close joints of gate 
and miter sill, and are liable at any time to be effectually blocked by small chips or 
stones. 

The short iron arc requires immense power to compensate for its want of leverage, 
and a long one would break of its own weight. 

New River is not a sediment-bearing stream, and in it, if anywhere, it may be ex¬ 
pected that a track on the lock-floor will remain unobstracted. 

The toothed arc on the floor in this project is, for greater security, proposed tabs 
raised above the floor on cast-iron brackets. 

Dams .—The dams are proposed to be built of rabble-masonry, pointed off on exposed 
faces with a heavy stone coping, covered with timber. The estimates contemplate 
giving them a section of not less width than 10 feet, top or bottom, with a general 
thickness at bottom of about -jV the height. Tbe abutments are proposed to be of 
same character of work and material as tbe dams. Tbe estimates also include for each 
dam the excavation of a trench 2 feet deep over tbe whole area of the foundation, sad 
its filling with concrete; this, of course, will only be needed where the rock is seamed 
or imperfect. Five of the dams are located on rock of a slaty structure; the remainder 
ou compact sandstone. 

This division comprises 6 guard-locks and 51 lift-locks, of an average lift of ld^fost 
and 33 dams having a mean length of 7Q9| feet and a minimum length of 550 feet. 

SYNOPSIS OF PROJECT AS NOW PRESENTED. 

The locks are proposed to be made 250 feet by 48 feet in tbe chambers; canal prioH, 
where possible, 102 feet wide at water-Jine, and never less than 60 feet for very short 
distances. 

Tunnels are proposed to be made 54 feet wide at water-surface, 9 feet deep below it, 
and 33 feet high above it. 
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Lock walls and gates are proposed to be arranged to permit navigation with feet 
on a ifam, 600 feet long, and are arranged to exclude floods of 100,OuO cubic feet per 
second. 

Commencing at lock in dam No. 32 of Greenbrier division, on the right bank of the 
Greenbrier, (to avoid flooding the llintou bottoms, as wonld have been done by dam 
No. 1 of the survey of 1872,) a canal is traced 6.850 feet through the Hinton bottoms 
to lock No. l,of 12 feet lift; thence the canal is continued 6,275 feet, partly in the river 
and partly over low points of bottom-land, to station 138, below the town of Hinton, 
where the line outers a pool 2,700 feet above dam No. 1. 

Dam Xo. 1, 14 feet high and 1,010 feet long, is just above Tug Shoals; foundation on 
sandstoue. Lock No 3, which is a guard-lock, is on left bauk, and gives entrauce to 
a canal around the shoals, 1,900 feet long, to lo'ks Nos. 4 and 5, of 10 and 13 feet life 
respectively, which lock iuto the pool from dam No. 2. 

Dam Xo. 2, 11 feet high and 1,000 feet long, is at head of Brooks's Falls, 9,500 feet 
below lock No. 5; foundation, sandstone. Lock No. 6, of 11 feet lift, is located on the 
lefu bank, and locks into the pool formed by dam No. 3. 

Dam Xo. 3, 16 feet high and 9f>0 feet long, in two branches, is at. Bragg’s Island, 
6,300 feet below lock No. 6; foundation on sandstone. Lock No. 7, of 9 feet lift, is on 
the right bank, and looks iuto pool formed by dam No. 4. 

Dam No. 4, 12 feet high and 1,290 feet long, is located at Richmond’s Falls, 12,100 
feet below lock No. 7; the foundation is on hard conglomerate, with slaty lamina, to 
avoid the long section of caual on the left bank, as propose at this place by Mr. Lor¬ 
raine. It is now proposed to locate the looks (with intermediate basins) close to the 
right bank, cutting directly through the crest of the falls, and utilizing the deep pool 
above the debouche of Mr. Lorraine’s canal. Lock No. 8, of 13 feeblift, is on the right 
bank at the dam. Lock No. 9, of 14 feet lift, is 300 feet below No. 8, au<j connected 
with it by a canal of that length. Look No. 10, of 13 feet lift, locks into the pool 
formed by dam No. 5; it is connected with No. 9 by a basin 350 feet long. 

Dam Xo. 5, 16 feet high and 770 feet long, is located 12,000 feet below lock No. 10; 
foundation, sandstone. Look No. 11, of 12 feet lift, is on the left bank, and locks into 
pool formed by dam No. 6. 

Dam Xo. 6, 15 feet high and 760 feet long, is located at head of Meadow Creek Bot¬ 
tom, 7,700 feet below lock No. 11; foundation, sandstone. Lock No. 12. on the right 
bauk, is a guard-lock to enter a canal 2,100 feet long through the Meadow Creek Bot¬ 
tom. Lock No. 13, of 10 feet lift, is at lower end of canal, aud locks into the pool 
formed by dam No. 7. 

Dam Xo. 7, 16 feet high and 600 feet long, is located 6,200 feet below lock No. 13; 
fouudation of slaty structure overlaying sandstone. Lock No. 14, of 15 feet lift, is on 
the left bank; connects by a cut TOO feet long with the pool formed by dam No. 8. 

Dam No 8, 17 feet high and 1,640 feet long, is 10,100 feet below look No. 14; founda¬ 
tion, sandstone. Lock No. 15, of 15 feet lift, is on the left bank, and looks into pool 
formed by dam No. 9. 

Dam Xo. 9, 20 feet high and 820 feet loug, is located at and above month of Glade 
Creek, 12,300 feet below look No. 15; foundation in firm slate. Lock No. 16, of 12 feet 
lift, is on right bank, and connects with pool from dam No. 10. 

Dam Xo. 10, 20 feet high and 600 feet long, is 7,800 feet below lock No. 16; founda¬ 
tion of sandstone and shale intermixed. Lock No. 17, of 13 feet lift, is on the rignt 
bank, and connects with pool from dam No. 11. 

Dam Xo. 11, 22 feet high aud 640 feet long, is 8,100 feet below lock No. 17, at the 
head of low bottom above Quinimont; foundation on hard shale. Lock No. 18, of 10 
feet lift, is on right bank, aud conuects with a canal through low ground, 1,100 feet 
long, to look No. 19 of 10 feet lift, which connects with pool from dam No. 12, giving 
entrance to Stretcher’s Neck Tunnel, 11,400 feet below dam No. 12. 

Dam No. 12, 27 feet high and 630 feet long, is located below Stretcher’s Neck Tunnel, 
on a sandstone foundation Its fuuction being simply to back the water up to tunnel- 
entranoe, no lock is provided for it; foundation, sandstone. Lock No. 20 is a guard- 
look, located on the right bank, opeuiug into approach-basin to Stretcher’s Neck. 
Stretcher’s Neck Tnnnel is 1,320 feet between portals, and is followed by look No. 21, 
of 19 feet lift, looking into a basin 310 feet long. Lock No. 22, of 18 feet lift, is at 
lower end of basin, and is immediately followed by look No* 23, of 18 feet lift, whioh 
connects with the pool from dam No. 13. 

Dam No. 13, 24 feet high and 600 feet long, is located 6,000 feet below lock No. 23, on 
firm red shale. Lock No. 24, of 10 feet lift, is on the right bauk and counects with 
canal 550 feet long to lock No. 25, of 10 feat lift, connecting with pool from dam No. 14. 

Dam No. 14, 12 feet high aud 6 «0 feet lohg, is located 6,950 feet below lock No. 25, on 
bard red sands one. Lock No. 26, on the right bank, is a guard-lock, giving entrauce 
to a canal 1,000 feet long, extending to lock No. 27, of 12 feet lift, whioh conuects with 
pool from dam No. 15. 

Dam No. 15, 20 feet high and 600 feet long, is located 11,100 feet below lock No. 27, 
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just above Buffalo Shoals, on foundation of a slaty character, overlying sandstone. 
Lock No. 28, of 13 feet lift, on the left bank, is at the lower end of a canal 500 feet 
long, arranged to dispense with a guard-lock, and connect with pool from dam No. 16. 

Dam No. 16, 18 feet high and 640 feet long, is located 6,500 feet below lock No. 2?5,on 
foundation of sandstone. Lock No. 29, of 15 feet lift, is on the right bank, and con¬ 
nects with the pool for dam No. 17 by a cut 600 feet long. 

Dam No. 17, 31 feet high and 600 feet long, is located 10,200 feet below lock No.29; a 
foundation of sandstone, alternating with hard slate. Lock No. 30, of 20 feet lift, on 
the left bank, connects with pool from dam No. 18 by. a cut 1,500 feet long. 

Dam No. 18, 30 feet high and 620 feet long, is located 13,500 feet below lock No. 30, 
near Arbuckle Creek; foundation, saudstone. Lock No. 31, of 22 feet lift, is on the 
right bauk, and connects with pool from dam No. 19. 

Dam No. 19,21 feet high and 770 feet long, is located 16,700 feet below lock No. 31. on 
sandstone foundation. Lock No. 32, of 14 feet lift, is on the left bank, and connects 
with a canal 2,500 feet long, extending to lock No. 33, of 14 feet lift, which connects 
with the pool for dam No. 20. 

Dam No. 20, 27 feet high and 690 feet long, is located 9,000 feet below lock No. 23, 
about one-half mile above Sewell, on sandstone. Lock No. 34, of 22 fret lift, is on the 
right bank, and connect* with pool from dam No. 21 by a cut 1,000 feet long. 

Dam No. 21, 31 feet high and 672 feet long, is located 12,800 feet below lock No. 34.on 
sandstone foundation. Lock No. 35, on the left bank, is a guard-lock, connecting with 
a canal 850 feet long, extending to lock No. 36, of 16 feet lift, which also connects with 
a canal 600 feet long, extending to lock No. 37, of 18 feet lift, which connects with pool 
from dam No. 22. 

Dam No. 22, 42 feet high and 630 feet long, is located 4,900 feet below lock No. 37, on 
hard slate fonndation. Lock No. 38, on the left bank, is a guard-lock, having an ap- 

f »roach-cut 700 feet long above it, and connecting at lower end with a canal 500 feet 
ong, extending to lock No. 39, of 17 feet lift, and lock No. 40, of 15 feet lift, which con¬ 
nects with pool from dam No. 23. 

Dam No. 23, 23 feet high and 550 feet long, is located 3,700 feet below locks Nos.® 
and 40, on sandstone foundation. Lock No. 41, of 14 feet lift, is on the right bank,and 
connects with pool from dam No. 24. 

Dam No. 24, 34 feet high and 600 feet long, is located 6,900 feet below lock No. 41, on 
sandstone fonndation. Lock No. 42, of 19 feet lift, is on the right bank, and connects 
with a canal 900 feet long, extending to lock No. 43, of 19 feet lift, which connects with 
pool from dam No. 25. 

Dam No. 25, 29 feet high nnd 600 feet long, is located 10,300 feet below lock No. 43: 
fonndation, saudstone, overlaid in places with bard slate. Lock No. 44, of 20 feet lift? 
is on the right bank, and connects with pool from dam No. 26. 

Dam No. 26, 35 feet high and 650 feet long, is located 7,800 feet below lock No. 44: 
foundation, sandstone. Lock No. 45, of 19 feet lift, is on the right bank, and connects 
with the pool from dam No. 27. 

Dam No. 27, 16 feet high and 600 feet long, is located 5,200 feet below lock No. 45, 
one-half mile above Hawk’s Nest; sandst-one foundation. Lock No. 46, of 19 feet lift, 
is on the right bank, and connects with pool from dam No. 28. 

Dam No. 28, 26 feet high and 600 feet long, is located 10,400 feet below lock No. 47: 
foundation on sandstone or hard conglomerate. Lock No. 48, of 13 feet lift, is on th* 
right bank, and connects with a canal 1,000 feet long, extending to lock No. 49, of 13 
feet lift, which connects with the pool from dam No. 29. 

Dam No. 29, 32 feet high and 600 feet long, is located 5,600 feet below lock No. 49, be¬ 
low Cotton Hill Station; foundation, hard sandstone or conglomerate. Lock No. 50, 
of 20 feet lift, is on the left bank, and connects with the pool from dam No. 30. 

Dam No. 30, 36 feet high and 660 feet long, is located 5,000 feet below lock No. 50, on 
sandstone foundation. Lock No. 52, of 13 feet lift, which connects with the poolfrom 
dam No. 31. 

Dam No. 31, 39 feet high and 600 feet long, is located 4,800 feet below lock No. 52, 
just above the Blue Hole, on sandstone foundation. Locks Nos. 53 and 54, of 15 and 
14 feet lifts, respectively, are on the right bank, and connect with the pool from 4am 
No. 32. 

Dam No. 32, 30 feet high and 800 feet long, is located at foot of Narrow Falls, 
sandstone or conglomerate foundation, 10,000 feet below lock No. 54. Lock No. 55,“ 
21 feet lift, is on the left bank, and connects with the pool from dam No. 33. The ap¬ 
proach to and pit for this lock are partially in solid-rock excavations. 

Dam No. 33,13 feet high and 1,400 feet long, is located just above the crest of Ka¬ 
nawha Falls, 10,200 feet below lock No 55, on foundation of sandstone conglomerate- 
Lock No. 56, of 15 feet lift, is on the left bank, and connects with a basin 250 feet long* 
extending to lock No. 57, of 15 feet lift, which connects with the pool below i* 
Kanawha River. 
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The total cost of the slack-water scheme, as shown by the appended estimates, in 
detail, will bo— 

With tunnel No. 2, Stretcher’s Neck. §11,427,010 

With tunnel 2, 4, and 5.. 14,162,617 

And without any tunnels, about. 11,000,000 

The estimate No. 1, using only Stretcher’s Neck tunnel, will probably be found tbe 
better line, as combining economy of time and cost. 


R1CCOXXAISSAKCE OUTSIDE OF THE VALLEY OF XEW RIVER FOR TLJXNEL-LINES, ETC. 


Examinations were made as below for determining the practicability of avoiding 
some portions of the valley of New River by a resort to tunnels. Instrumental sur¬ 
veys were made by Big Loup and Meadow Creek, the differences by elevation in other 
cases being determined by aneroid barometers, (Casella’s.) 

No. 1. From near Aldersou’s Ferry, on the Greenbrier, by way of Griffith’s and Lick 
Creeks, to New River. 

No. 2. From tbe same point on the Greenbrier, by way of Little Meadow Creek, to 
New River. 

No. 3. From mouth of Piney Creek, (Stretcher’s Neck,) by way of Paint Creek, to 
Kanawha. 

No. 4. From mouth of Piney Creek to Clear Fork of Coal River, and down Coal 
River to the Kanawha. 

No. 5. From mouth of Arbuckle Creek to Big Lonp Creek, and down that to the 
Kanawha. 

No. 6. From Arbuckle Creek to Paint Creek, and down that to the Kanawha. 

As none of these lines had any source of water-supply for a summit-level, tunnels 
were a necessity. 

Line No. 1 would require a tunnel from 6 to 8 miles long. 

Line No. 2, a tunnel Ilf miles long. 

Line No. 3, a tunnel 134 miles long. 

Line No. 4, a tunnel 17 miles long. 

Liue No. 5, a tunnel 11 miles long. 

Line No. 6, a tunnel 12 miles long. 

These results were considered prohibitory, and further instrumental investigations 
were thought unnecessary. It is possible that lines Nos. 1 aud 2 could be supplied 
with water by a reservoir on the site of that proposed by Mr. Ellet, on Meadow River, 
but at a very considerable increase of cost over the river-line, with very doubtful re¬ 
sults as to economy of time. 

Though the exhibit appears so unfavorable for any attempt to break away from the 
valley of New River with a water-line, I am inclined to the belief that the effort to 
accomplish the same object by a line of railway would show a more favorable result, 
especially for a narrow-gauge line. 

The whole region of country about the head of Coal River and Loup and Paint Creeks, 
besides being a rich agricultural country in the valleys, has in iis mountain-ranges 
large deposits of cannel and other coals which the configuration of the country will 
permit to be put cheaply and quickly in communication with the Kanawha River by 
means of tram-roads similar to those recently introduced into the miniDg regions of 
Spain, and advocated in Van Nostrand’s Mag&ziue, by Mr. Herman Haupt, civil en¬ 
gineer. 

None of these streams, except Coal River, offer any possible facilities for water-trans¬ 
portation ; the latter stream is now “ slack-watered” to Peytona, and this work prob¬ 
ably represents the ultimate capacity of tbe district in that respect. 

In connection with the slack-water project, there is herewith submitted the report 
and estimates of Mr. J. M. Harris, superintendent James River and Kanawha Canal 
Company, to whom I am indebted for much valuable assistance during the progress of 
tbe surveys. 

CANAL-8URVEY. 


In order that the data procured in the field might enable any combination of canal 
and slack-water to be made hereafter, tbkt may be considered desirable, independent 
of the views of those engaged in the field, two entirely distinct surveys were carried 
on, one all i( slack-water,” the other all “ canal.” For the canal an experimental line 
with cross-sections of the surface at every 100 feet was traced from the last dam of the 
Greenbrier division above Hinton to tbe pool above Kanawha Falls, a distance of 
about 60 miles. 

Tbe line was not prolonged beyond this point, for the reason that the New River for 
the 2 miles below to Kanawha Falls offers equal facilities for slack-water navigation 
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with tbe Kanawha below the falls, for which a modified form of that method of iraprove- 
ment has been definitely adopted. The location of the Chesapeake and Ohio Railroad 
on the right bank of the river from Hinton to Hawk's Nest, and on the left hank below 
that point to the falls, renders it generally a matter of necessity that a lateral canal 
should occupy the opposite bank of the river, as it is in ouly one or two places, and 
for short distances, that there is sufficient space between the road and tbe river for a 
canal even of much smaller section than that considered requisite for this lin& 

As traced and rnatked in the field, the line starts from the last dam on the Green¬ 
brier, follows the right bank through the Hinton bottoms over the same rente de¬ 
scribed for* the “slack-water,” crosses the river at the same point, and thence follows 
the left hank 94 miles, where it crosses the upper end of Meadow Creek bottoms on the 
right hank : passing through these bottoms for about 3 miles, it recrosses the river to 
the left bank, which it follows 13 miles to the upper side of Stretcher’s Neck. Here 
the line crosses to the right bank, passes through the bend by means of a tunnel, sod 
immediately recrosscs to tbe left bank, which it follows 29 miles to a point just below 
tbe Hawk's*Nest, where it crosses to the right bank, and occupies that side to the ter¬ 
minus below Narrow Fall*, (about 2 miles above Kanawha JTalIs.) 

From this brief description it will be seen that, as projected and tr&oed in the field, 
the line crosses tlm river six times, viz, at Hinton Meadow Creek twice, Stretchers 
Neck twice, aud below Hawk’s Nest. Of these, the crossing at Hinton is justified by 
the more favorab’e nature of the ground on the left bank, the railroad occupying the 
right bank; the crossings at Meadow* Creek were made with a view of ntilizing tbe 
favorable ground exteudiug along the right bank for several miles bet ween the railroad 
aud the river, but after-study would indicate that for a really independent canal this lice 
would be inadmissible, owing to the cost of aquedacts at the upper and lower crossings. 

The canal-line, adhering to the left bank, between the crossing-poiuts, would cost 
$766,300, and between the same points, by crossing, &c., as in the field, $800,335.25; 
so that without aqueducts, and with crossings in pools, nothing is gained by the 
crossing, and it is suggested that this crossiug be abandoned. The crossings at Stretch¬ 
er’s Ntck would probably have to be made, even though the line were con tinned around 
the bend, owing to the topographical features of the valley, and, as by a tnnnel about 
1,300 feet long a saving of distance of 3 miles is effected, the propriety of adhering 
to this arrangement seems evident. The crossing below Hawk’s Nest is imperative^ 
the location of the railroad precludes the possibility of locathig a canal along the left 
bank below this point. There will then remain four crossings of New River that may 
he considered as forming necessary features in the project, which may be possibly 
altered as to exact location, hut yet will remain to he made somewhere along the line. 

The method of crossing just below Hinton is in a measure fixed by the fHCt that tbe 
cauul-bottoni at that place coaid not readily be located high enough to enable an aque¬ 
duct to he used, which the great width of the river, moreover, would render very 
costly. It is therefore only proposed to cross at this place in a pool, using wire ropes 
with traveling-blocks for passing boats during freshets, or without steam-power. Tbe 
other crossings can be made either by aqueducts or in pools, the former, of course, 
being the more expensive, yet it may be considered the only proper means to be used 
for a really iudepeudeut canal. 

The only motive for incurring the extra cost of coustmetiug a canal where a slack- 
water navigation is practicable, would seem to be to secure certain immunity from the 
danger of inteiruption of the navigation by floods, and if the continuity of this pro¬ 
tection is broken at several points, the canal, for all practical purposes, becomes nearly, 
if not quite, reduced to the same grade as the slack-water in this regard. 

However this may be, estimates are submitted for making the crossings both by 
aqueduct and pools, except at the lower end of Stretcher’s Neck tunnel, where the 
want of space fur locks reuders it practically essential to cross by aqueduct in order 
to overcome a portion of the lift on the left or opposite bank from the tunnel. 

The crossing below Hawk’s Nest, being in the gorge, it is suggested, also possesses 
claims iu favor of the use of the aqueduct, arising from the declivity and contraction 
of the valley in that vicinity. 

TUNNELS. 


The same tunnel-lines described iu the project for slack water navigation have been 
connected with the canal survey aud estimates of cost prepared for the different sec¬ 
tions. The one similar to that proposed for the slack-water, which would permit boats 
to pass each other freely, is 54 feet wide at water-line. The other is similar to the sec¬ 
tion proposed for the summit tnnnel, and is ahont 30 feet wide at water-surface. As 
all of these tunnels would undoubtedly (the rock being exposed along the river above 
and below their levels) be located in a compact sandstone, which would permit their 
easy excavatiou and maintenance with auy desired width, the larger section would be 
well worth the extra cost over the smaller tunnel. 

Assuming that the rate of travel in the tunnels wonld be one-half of that in the open 
canal, there would be no gain of time by the adoption of auy of the tunnels, except 
that at Stretcher’s Neck, where it might amonnt to forty minutes. 
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In regard to cost, tunnel No. 1, through the bend above Stretcher’s Neck, including 
the aqueduct, to Stretcher’s Neck, would cost about $1,600,000; and by canal and aque¬ 
duct, $1,300,000; or by canal crossing in pool, $700,000. 

At this point, if the plan of crossing in all cases by aqueduct were adopted, ques¬ 
tions of facility of operation, directness, &c., might justify the use of the tunnel; oth¬ 
erwise there can be no question as to the propriety of adhering to the river at a saving 
of nearl^ 40 per cent, in cost. 

Tnnnel No. 2, through Stretcher’s Neck, (saving 3 miles by a tunnel 1,300 feet long,) 
appeared to be so evidently the proper liue that the surveys were not carried around 
the bend. 

Tunuel No. 3, about 4 miles below Stretcher’s Neck, would cost about $1,260,000j and 
the canal around, $656,000, or about one-half the cost of the tunnel. 

Tuunel No. 4, below Hawk’s Nest, including aqueducts of approach in both cases, 
would cost about $1,555,500; and by canal around, $846,000, or a little more than one- 
half the cost of tunnel. 

Tnnnel No. 5, through the Blue Hole Bend, would cost about $1,330,000; and the 
canal around, $1,161,000 ; so that neither for economy of time nor money can any of the 
tunnel-lines, with the larger section of tunnel, be recommended, except No. 2 through 
Stretcher’s Neck. 

It is possible, however, that the inestimable difficulties of construction will justify 
the adoption of tunnel No. 5, as its cost is only slightly greater than the line around. 
Should the smaller section of tunnel be adopted, it would reduce the figures in the case 
of tunnel No. 1 by $460,000; No. 3 by $507,000; No. 4 by $369,000; No. 5, $554,000; 
which would make tunnels Nos. 3, 4, and 5 either equal to or less than the canal-line 
around iu cost, and their adoption would therefore be justifiable. 

In the appendix will be found a tabular statement showing distances by canal and 
by tunnels, and saving in distance and cost of each route. 

AQUEDUCTS AND CULVERTS. 

The aqueducts and culverts over 20 feet span are, with one or two exceptions, pro¬ 
posed to be built of wrought-iron trusses, carrying plate-iron troughs 30 feet wide in 
the clear. This plan was adopted on account of the difficulty of crossing either the 
river or its tributaries at a sufficient elevation above low-water surface to permit the 
discharge of flood-waters under masonry structures. It is proponed to convey feed- 
water over all the aqueducts in pipes, secured to the outer ends of floor-beams, in order 
that the levels may be kept full when the aqueducts are occupied by boats and others 
are being locked through at the lower end of the levels. 

Owing to the very limited area of the water-shed of New River between the Green¬ 
brier and Kanawha Falls, the number of tributaries of any considerable size is unusually 
small, and iu consequence the number of large culverts is equally limited, there being 
(inclusive of Meadow” Creek) only 7 over 20 feet span on the whole division 60 miles 
in length, and only 6 if the crossing at head of Meadow Creek Bottom be abandoned. 

It is proposed to cross Meadow Glade and Loup Creeks by wrought-iron riveted 
trusses, of 66 feet, 158 feet, and 108 feet span, respectively, each carrying rectangular 
troughs of boiler-iron 30 feet wide in the clear. 

At Mill, Arbuckle, Rush, and Wolf Creek, it is proposed to use masonry arches, single 
spans of 40 feet, 50 feet, 40 feet, and 100 feet respectively. 

The aqueducts for river-crossiugs are three in number, all proposed to be wrought- 
iron Warren girders, carrying a similar plate-iron trunk to that described for the 
culverts. 

Aqueduct No. 1, upper side of Stretcher’s Neck, has 4 spans of 145 feet each. 

No. 2, lower side of Stretcher’s Neck, has 2 spans of 144 feet each. 

No. 3, below Hawk’s Nest, has, on the tunnel-line, 2 spans of 167 feet each, and on the 
line around the bend 3 spans of 167 feet each, and one of 100 feet. 

Diagrams of these trusses, with a general section of water-trough, will be found with 
the drawings submitted. 

LOCKS. 

Investigation of the subject since the previous reports on this work were made 
tending to show that a change in the proportions of the lock-chamber might be de¬ 
sirable, they have been estimated for in this project as 4 feet wider than those formerly 
proposed, making them now 120 feet by 24 feet in the chamber. 

Owing to the character of the country and the variable rates of fall in the river, it 
has been found difficult to establish or adhere to any uniform lift for the locks, though 
the endeavor has been made to introduce as few changes as possible, and to group the 
various lifts together in sections. Iu poiut of fact, the usual and ordinarily correct 
method has here been necessarily reversed, and the lifts of the locks increased as we 
descend the river; a matter of small moment in this case, however, as the river along¬ 
side will furnish always an abundant supply of water; and it is proposed to feed the 
levels by culverts or pipes passing around and outside of the locks. It was proposed 
to use 10 and 15 feet lifts as the standard, and of the 58 lift-locks, 19 are of 10 feet lift 
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and 27 of 15 feet lift; of the remaining twelve, seven have 12 feet lifts, one has 11 feet 
lift, three have 8 feet lift, and one has 7 feet lift. It is proposed to fill and empty the 
locks by means of culverts iu the side-walls passing around the hollow quoins, as veil 
as by slide-valves in the gates. The gates are proposed to be of wood, braced with 
iron ; the masonry to be similar to that proposed for the Kanawha locks. 

Tbe division comprises 57 levels, their average length being a little overl mile: the 
longest is 20,000 feet and the shortest 400 feet. 

CAN.1L-PRISM. I 

The section adopted for canal-prism is generally 74 feet at top, 60 feet at bottom, 
and 7 feet deep. River-side (or tow-path) bank, 10 feet mi top ; berme-bank, 8 feetou 
top; interior slopes, i to 1. 

Through the Hinton bottoms the prism was estimated to lie 102 feet wide, it onto 
to render this section to some extent available as a transfer-basin for the trade that 
will at this point undoubtedly pass up and down New River, above the month of th* 
Greenbrier. Aa estimate is also submitted for reducing tbe width through the gw*? 
(from Sewell down) to 60 feet; but it would hardly appear that the ecouomy ($5ftU*»* 
in 17 miles) would balance the loss of capacity for transportation. 

The Biirfaco of water in canal as located is generally kept well above the higher 
flood-marks, and where necessity compels any deviation from this rule, tbe river bank 
and wall is proposed to be raised to a sufficient height to prevent injury by floods. 

The horizontal alignment has been made with a view of using no less radius ofenn 
atnre than 1,000 feet. Iu a few places this has been reduced to 800 feet where the total 
angular change was slight, and in others the canal has been widened to form a bash 
in which the change of direction could readily be made. 

The imperative necessity for preserving unobstructed the natural water-way of tbe 
river during floods, more especially in its lower portions, has precluded the extension 
of embankment-slopes iuto the river, and rendered necessary the frequent and contin¬ 
uous resort to retaiuing-walls, which will be fouud to form the maiu item of expense 
throughout the section. 

The general character of abont two-thirds of the excavations on this division wosni 
be classed as loose rock, the hill-sides being nnive*sally composed of broken fragwews 
of all sizes thrown from the adjacent clitii, and but slightly intermixed with soil or 
earth of any kind. 

This material may naturally be expected to slide upon very slight provocation, an! 
consequently, where deep excavations are required, the hill-slope must always be pro¬ 
tected by a retaining-wall, which forms another latge item in the estimates. 

This same material will form the canal-prism throughout a large proportion of tbe 
whole line, (exactly how great a portion cannot be stated now,) and even with tbe 
liberal allowance of water to be had it will require some stanching to render it sofr 
ciently water-tight for use. Whether any material which will prove effective for this 
purpose can be found on the highlands bounding the river valley, so as to be eeeseoH- 
cally applied, cannot now he determined ; the valley itself certainly offers no matemi 
in any considerable quantities at all suitable. The proportion of toe Use requiring it 
and the degree or amount of stanching being necessarily indeterminate, the rstiiost* 
(to be ou the safe side) contemplate for (he whole line a continuous lining of the wetkd 
perimeter of the caual-prism, with 6 inches thickness of concrete, costing $26,4Wp» 
mile. 

It is altogether probable that one-third of this amount could be stricken off, andp* 
rible that it might be reduced to one-half of the whole length of the divisiou. 

Iu preparing estimates for walls, excavations, &c., the position of the rock-line vs* 
assumed from its position, w here visible, its general trend, &c., and in all casesof doeto 
tbe assumptions were made certainly against the canal-line. 

WATER SUPPLY AND FEEDERS. 

The low-water discharge of New River is not accurately known ; tbe lowest ohsenri 
quantity that I am aware of was about 2,000 cubic feet per second. Bnt the low-wattt 
discharge of the Kanawha River, which must be greater than that of New River 
has beeu stated at 1,300 cubic feet per second, so that it would not be safe to estimate 
New River at over 800 cubic feet per second. 

An amount, however, that it requires no lengthy calculation to show is an abuud&ct 
supply for any trade that could be passed through the projected canal-locks. 

It is proposed to feed the canal from the river at three points in the 60 miles, abort 
equidistant from each other, making the length of canal to be supplied by each ok 
about 20 miles. 

• Feeder No. 1 would be tbe pool in which the crossing is made from the Hinton bot¬ 
toms, and is formed by slack-water dam No. 1. 

Feeder No. 2 would be near Glade Creek, tbe pool being formed by a dam situated 
about balf-way between dams Nos. 0 and 10 of the slack-water scheme. The length of 
feeder-drain is about 1,500 feet. 

Feeder No. 3 would be below Arbuckle Creek. The reservoir is here formed by a dais 
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located the same ns dam No. 16, (slack-water,) with some changes of dimensions, &c. 
The length of feeder-drain here reqnired is 1,725 feet. 

Each feeder, snpposing the loss from all causes to be at the rate of 100 cubic feet 
per mile per minute, would be required to supply about 54 cubic feet per second. It 
is proposed to form the feeder-channel by first clearing away the loosest ddbris from 
the hill-sides, and then covering the area required with a coarse concrete, (afterward 
plastered,) upon which the sidewalks would be built, to form a rectangular water-way 
of the requisite dimensions. 

It is believed that the masses of loose rock forming these slopes will afford a sufifteently- 
firm foundation for such a structure, and the very great cost of excavatrug to solid 
rock will be avoided. • 

ESTIMATES. 

Theestiinates show that for the whole line— 

1. Using all the tunnels, 54 feet wide, and making all crossings of river 

by aqueduct, except at Hinton, (Meadow Creek crossing being aban¬ 


doned,) the total cost would be.$21,255,590 

2. Using 54-feet tunnels, 1, 2, 4, and 5, and aqueduct-crossiugs. 20,650,895 

3. Using 54-feet tunuels, 1 and 2, and aqueduct-crossings. 19,762,498 

4. Using 30-feet tunnels, 1, 2, 3, 4, and 5, and aqueduct-crossings. 19,107,518 

5. Using 54-feet tunnels, 2, 4, and 5, and crossing in pools. 1^,504,440 

6. Using 54-feet tunnel, 2, aud crossings in pools, (about)... - 17,600,000 


Estimate No. 2, amounting to $20,650,895, is the arrangement I wonld recommend 
for an independent lateral canal, which could be reduced to $20,122,641 by iqaking 
canal only 60 feet wide at water-surface from Sewell down. 

Accompanying this will be foand tabulated the following detailed estimates : 

1. Fifty-seven sheets of estimates of 57 levels of canal-lme. 

2. Eight sheets of estimates on main aud alternate caual-liue. 

3. Two sheets of estimates for feeders. 

4. One sheet comparison of cost of tnnnels of large and small sectioa, (canal.) 

5. Two sheets estimate of excavation below Sewell, if canal is made 60 feet wide. 

6. Three sheets tabulated statement of cost of each level, accumulated totals, and 
other information relating thereto. 

7. Thirty-four sheets of estimates of slack-water line. 

8. Two sheets of estimates on main and alternate lines, (slack-water.) 

9. One sheet table of aqueducts, giving location, dimensions, &c., (canal-line.) 

10. One sheet comparative table of cost and distances by main and alternate lines. 

Also, the following drawings: 

1. Fourteen sheets general map of division, scale 200 feet to 1 inch, showing topog¬ 
raphy, &c., and location of canal and slack-water projects; canal in brown, slack- 
water in blue. 

2. One sheet showiog lines of exploration, (tracing.) 

3. Four sheets of profile of canal-line, (tracings.) 

4 . Five sheets of profile of slack-water line, (tracings.) 

5. One sheet general cross-section of large and small section of tunnel, (tracing.) 

6. One sheet canal-lock drawings, (tracings.) 

7. Two sheets slack-water-lock drawings, (tracings.) 

8. Two sheets (cross-section paper) diagrams of aqueducts over Glade Meadow, Mill, 
Loup, Arbuckle, Rush, aud Wolf Creeks, (canal-line.) 

9. Nineteen sheets (cross-section paper) details of tunnel-lines and aqueducts across 
New River. 

10. Seven hundred and forty-five sheets (cross-section paper) showing construction 
of canal-line. 

11. Fourteen sheets (cross-section paper) with calculations of quantities and dia¬ 
grams of 33 slack-water dams. 

12. Eleven sheets (crois-secr.ion paper) with calculations of quantities and diagrams 
of slack-water canals aud locks. 

13. Fifteen sheets calculations and details of slack-water tunnels. 


Note-books. 

1. Five transit-books, (New River survey.) 

2. Three topography books. 

3. Eight level-books. 

4. Seven cross-section books. 


5. One sounding-book. 

6. Also the following books, containing notes of reconnoissance of Lonp Creek : one 
transit-book, one level-book, one barometric level. 

Respectfully submitted. 

N. H. Hutton, 


Col. WM. P. fclUIGHTLL, 

Major Corps of Engineers , U. S. A. 


Assistant Engineer. 
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APPROXIMATE ESTIMATE OF EFFECT OF DAMS IN GORGE OF NEW RIVER, BETWEEN 
KEENEY’S AND NARROW FALLS. 


For discharge over dams, Francis’s formula is used, as being a mean of those of other 
observers: 


R=3.33 L (h) }. 


The following assumptions are made, all of which are justified either by ascertained 
facts in the case of this river, conditions proposed to be obtained by the plans for this 
_ work, or experience on other rivers of somewhat similar characteristics: 

1st. That the river falls about 1 foot in 300 feet. 

2d. That the bed and valley of the river is cleared of all obstrnctions to a channel- 
way 2t0 feet w ide at low-water surface, and side slopes not le68 than 1 to I for 30 feet 
above low-water level. 

3*1. That the dams are 600 feet long on comb and 30 feet above river-bottom. 

4th. That at about the length of dam, bf hind or above it, the river-valley, at level of 
crest of dam, has at least a width of 400 feet. 

5th. That the water in the pools will rise about 2 feet for every increase of 1 foot in 
depth above comb of dam and jnst behind it. 


Dam 600 feet long, 30 feet high; river above least t vidth of 400 feet; river below least mdti 

of 280 feet. 
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Area 600 feet 
above dam. 

Velocity 600 
feet below 
dam. 

Velocity 600 
feet above 
dam. 

Remark*. 

I 

Feet. ! 
l 1 

1,990 

Sq.ft* 

2,524 

Sq.ft 

12,060 

Ft per see. 
0. 78 

Ft per see. 
0.16 


2 

5,640 

3,096 
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1.82 
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3 i 

10,390 

3, 676 

12,992 

2.82 
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13, 830 
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13,464 
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5 

22, 340 

4,860 
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29, 310 

5,464 

14, 420 

5.37 
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37, 000 

6, 076 

1 15,904 
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1 
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2.94 
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1 15,884 

7.36 

3.39 
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REPORT OF MR. J. M. HARRIS, ASSISTANT ENGINEER. 


Baltimore, Md., December 9, 1874, 

Sir: Herewith I submit to you the report of notes taken by me at your request, to 
arrive at an approximate estimate of the cost of removing the obstructions in the canoe 
of New River, so as to render its bed suitable for slack-water navigation. 

These notes were commenced at a point about three miles below Bowyers Ferry, 
where the canal terminates, after passing around Keeney’s Falls. From this point 
downward the river in mauy places becomes very much contracted by immerse bowl¬ 
ders of all shapes on its banks and in its bed. At other points bars have been formed 
by the creeks emptying material into the stream, also consisting of bowlders, and vary¬ 
ing in size from mauy yards down to gravel. 

The object of the estimate was to ascertain what it would cost to remove these ob¬ 
structions to the natural How of the stream, and thus cause the channel at low-wafcr 
mark to be wider, to create a wider space above the bed of the stream for the water 
to escape in times of freshets, and thus render the bed of the stream safe for slack- 
water navigation. I deem it unnecessary to mention the method of arriving at quart* 
tities, as the note-books will fully explain, and about which you were consulted pre¬ 
vious to entering on this duty. I will simply add that I have exercised the best 
judgment of which I was capable in making this estimate, aDd though much of the 
material was not actually measured, being inaccessible in a rapid river, yet, by compr¬ 
ing quantities which were actually measured with such of a similar character that 
could not be measured, I have arrived at an estimate which may be relied on as 
an approximation near the truth as to quantities. These quantities have been elasi 
fied into two parts, the iifrst composed of solid rock and large bowlders, requiring blast 
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ing. The second consisted of small bowlders, less than a cubic yard in size, loose rock 
and gravel. The first quantity I have found, agreeably to my estimate, to be 357,5484 
yards, and the latter 35,578 cubic yards. The former at 80 cents and the latter at 60 
cents per yard, produce the sum of $307,385.80, the whole amount of the estimate. 

You will understand that this estimate embraces all the material to be blasted or ex¬ 
cavated from the hauks and bed of New River, extending from Keeney’s Falls to the 
Falls of Kanawha, as if there were to be slack-water throughout. But therawill be 
several short sections of canal in this space, viz : 1,100 feet below dam No. 23, 2,500 
feet below dam No. 24, and 3,700 feet below dam No. 29. 

The amount estimated for improving the bed of the river corresponding to these 
spaces is $24,337.60, which, if deducted, would leave $283,048.20 as the estimate of 
clearing the river of obstructions, aud if the tunnel commencing opposite Pope’s Nose 
(railroad) tunnel, and terminating at or below the Blue Hole, is adopted, there would 
be another item of $45,888^ to be deducted from the amount for clearing the bed of 
the river, leaving $237,160.20, or rather less than $15,000 per mile. 

I deem it proper further to state that I estimated the width of the river at two or 
three of the narrowest points which could be found, with the view’ to ascertain what 
would be the narrowest point at low-water, when the bowlders and projecting points 
are cut oflf, agreeably to the plan proposed and embraced in this estimate. The nar¬ 
rowest poiut I found would be 265 feet at low-water when the obstructions are re¬ 
moved. The next narrowest point I found to be 277.7 feet when obstructions are re¬ 
moved. Thpse points alluded to were between Cotton Hill and the Blue Hole, one at 
3007+58, and the other at station 3063. At the former, the railroad was 64 feet from 
the edge of the river, but from the river’s edge on the left bank the rock rises nearly 
perpendicnlar. There would be no difficulty in sloping the rock 1 to 1 by blasting oif 
a portion of it, and the same slope or greater could be given on the opposite side, so 
that at a rise of 30 feet there would be at least an area of 9,000 square feet to pass the 
floods of New River. 

The railroad-banks slope about 1^ to l at the other point, and, though the low-water 
surface is narrower than at the upper point, there would be less trouble in giving 
enough space here to pass the floods of New River than at the upper point. 

I saw no other points along New River where it seemed to be so much confined for 
want of space as at the points just named, and it was on this acco'nut 1 thought proper 
to ascertain its width, or at least what would be its width at low water, when the bed 
of the stream is prepared for slack-water navigation. 

Respectfully submitted, by your obedient servant, 

J. M. Harris, 
Assistant Engineer. 

N. H. Hutton, 

Assistant Engineer. 


REPORT AND ESTIMATES ON THE IMPROVEMENT OF THE GREAT KANAWHA RIVER, BY 
MR. A. M. SCOTT, ASSISTANT ENGINEER. 

Charleston, W. Y a., January 29, 1875. 

Colonel: I have the honor to submit the following report and estimates on the im¬ 
provement of the Great Kanawha River: 

Your instructions, dated August 17,1874, and afterward somewhat modified, directed 
me to make such additional surveys as were uecessary to enable estimates to be made, 
on the following plans of improving the river, so as to afl'ord a useful depth of not less 
than feet, or an actual depth of 7 feet at all seasons: 

1st. For a lock and dam improvement from the Great Falls to the foot of Paint Creek 
Shoal, and for sluice-navigation in the remainder of the river, assisted by a reservoir. 
This to be a revision of Mr. E. Lorraine’s estimate, submitted to you in December, 1872. 

2d. For a lock and dam improvement throughout, with locks about 250 by 50 feet iu 
the chamber. 

3d. For movable dams in the lower part of the river to accommodate the coal-trade, 
on the plan recommended for the Ohio. 

I will briefly refer to previous surveys and the data at haud when your instructions 
were received. 

survey of 1838, 

made by Mr. Charles Ellet, jr., for the James River and Kanawha Company, and em¬ 
bracing the whole river from Great Falls to the mouth. The la 11 and distances, as 
established by it, have been proved very reliable. 

survey of 1856-’57-’58, 

made for the some company under directions of Mr. Lorraine, by Mr. John A. Byers 
It began at the head of Huddleston’s Island, 6.80 miles below the falls, and exteuded 
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to the mouth of the river. This survey was without doubt very intelligently and care¬ 
fully made, aud frbni it we have a good hydrographic map of the river, except in some 
of the deep pools, where but few aouudiuga were taken. The profile m continaofK,aad 
agrees closely with that of 1838. 

GOVERNMENT SURVEYS. 

First, a profile showiDg fall from Great Falls to the foot of Lykens* Sboal from# 
survey made under your direction in 1872; second, special surveys made under Colonel 
Merrill, Corps of Engineers, in 1873. The latter embrace a little more than ais mite® 
of the river at different points where improvements have been proposed or carried on. 
These surveys tend to prove the reliability of the old maps and profiles. 

To carry out your instructions it was necessary to make additional surveys at several 
points, particularly of localities where locks and dams were proposed, in order to select 
the sites as nearly as possible and make such examinations as were necessary to form 
an estimate. 

Accordingly, a party was organized, and the survey began at the head of Loup Creek 
Shoal, 3.40 miles below the falls, on September 14, 1874. About six weeks were oeca- 
pied in the field-work, surveys being made at sixteen different points. The sooodmgs 
were all iustrnmeutally located, and at each proposed site careful eross-sectioosno 
and drillings made to determine the necessary character of foundations. 

During the first week of the survey the water fell to a point two-tenths of afoot 
below what has been considered ordinary low-water mark, and two parties were started 
to establish references at all desirable points along the river. This was fortouatelr 
accomplished before the w'ater rose, aud enabled us to reduce all work to a uniform 
and satisfactory reference. These bcuch-marks, aud others made daring the surrey, 
were well established and described. 

In connection with these surveys and the estimates and drawings presented, allow 
me to refer to the valuable assistauce rendered by Mr. C. K. McDermott and Mr. Johi 
S. Hogue, civil engineers. 

The general features of the river and the history and description of various plate 
that have been recommended for its improvement have been so fully presented in re¬ 
cent reports of the Chief of Engineers that nothing need be added here. Particular 
reference is made to your reports for 1871 aud 1873, particularly to Mr. E. Lorraine's, 
accompanying the latter, (Appendix T 28,) and to Colonel Merrill's report for 1873, 
(Appendix M 3.) 

The following table, showing the fall and distance from the Great Falls of places to 
be mentioned in this report, and of principal poiots along the river, may be useful: 


Places. 


I 


0.2 
o « 

ee 

3 • 

5 ? 3 

.20 S 
3 


ta 

eI 

Hi 

•5*3 


Length and fall of prindpti 
shoals, &c. t in low water. 


Foot of Great Falls.. 

Foot of Long Shoal. 

Foot of Loup Creek Shoal. 

Foot of Lykens’ Shoal, town of Cannelton. 

Foot of Harvey’s Shoal. 

Foot of Hunter’s Shoal. 

Foot of Windsor Shoal.. 

Foot of Paint Creek Shoal.. 

Foot of Cabin Creek Shoal.. 

Foot of Witcher’s Creek Shoal. 

Foot of Cat-fish Shoal, head of Charleston Pool, near 
Brownstown. 

City of Charleston, near foot of Charles' Pool. 

Foot of Elk Shoal... 

Foot of Two-Mile Shoal... 

Foot of Island Shoal. 

Foot of Tyler Shoal ... 

Foot of New Comer Shoal.... 

Foot of Johnson Shoal. 

Foot of Tucket Shoal. 

Foot of Red-House Shoal. 

Foot of Gillespie's Ripple. 

Foot of Knob Shoal. 

Foot of Buffalo Siioal. 

Foot of Five Ripples—Ripple, Debby, Intermediate, 
Eighteen-Mile, and Ripple. 

Foot of Arluickle Shoal... 

Foot of Thirteeu-Mile Shoal. 

Foot of Three-Mile or Cantrell’s Bar. 

Point Pleasant, mouth of Kanawha.. 


or. oo 

00. 

00 

1.38 

10. 

38 

4.71 

22. 

15 

a 19 

32. 

10 

10.61 

36. 

99 

11.28 

38. 

09 

12.39 

39. 

50 

15. 19 

45. 

70 

20.83 

53. 

21 

23. 94 

57. 

48 

2G. 49 

60. 

29 

36.82 ! 

ea 

76 

37.46 

63. 

47 

39.33 j 

66. 

55 

40.05 

68. 

85 

41.62 

72. 

93 

43.52 

74. 

96 

53.03 

83. 

03 

55.81 , 

86. 

11 

62.14 

89. 

86 

67. 2‘i 

93. 

G7 

71.78 

97. 

17 

73.10 

98. 

54 

76.34 , 

102. 

25 

79.20 

105. 

02 

82.61 

106. 

77 

92.40 

107. 

70 

94.20 

Iu7. 

92 


Shoal falls lO'.Sd in 4.907 feet 
Shoal falls 1th. 19 in 8.736 ft*. 
Sboal fall* 6'.19 in 2.250 ftst 
Sboal falls 3.98 io 1.400 foot 
Sboal falla l'.flO in 950 feel. 
Sboal falls O'.*! in 1306 feet 
Sboal falls 7.12 ia 9 300 feet 
Sboal falls 5M5 in 9.376 few 
Sboal falla 7.70 in 9.500 feet 
Sboal falls l'.5J in 1,400 feet 

Pool 10 65 miles long, fell F.fl. 
Shoal falls ¥.71 in 1,700 ft*L 
Shoal falls S'.79 in 1,909 feet 
Shoal falls 2\2I in 1,900 feet 
Shoal falls 4'. 10 in 3.700 feet 
Shoal falla O'.tt in 500 feet 
Shoal falls 4 .35 ia 5.609 feet 
Shoal falls 2* 20 in 2.904 feet 
Shoal falls 2\*4 in 1.850 feet 
Ripple falls 0'.90 in 2 900 feet 
Shoal falls 2' GO In 3,900 fr*t 
Sboal falls O' 90 in 1.000 feet 
Total fall 2* 80 in 12,100 feet 

Shoal falls S' 03 in 3.300 feet 
Sboal falls o .86 in l,9s0 feet 
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MAX FOR SLUICE NAVIGATION BELOW PAINT CREEK. 

It appears to he conceded that a lock and dam improvement is advisable for the first 
fifteen miles from the Great Falls—that is, to the foot of Paint Creek Shoal—and there 
is bat one other plan to be compared with the same system in the remainder of the 
river. This is the combination of Fisk and Ellet’s plans for slnioe navigation, as 
suggested by Mr. Lorraine. As explained in his report referred to, it consists in making 
the best possible nse of all the water in low stages, by “ grading the Tiver ” with an 
elaborate system of sln’ce-dams and supplying the deficiency from a reservoir. 

Ordinary brush and pile dams were proposed, filled in with stone and gravel, aud the 
tops well secnred by a frame-work of square timber. They were to be built square 
across the river, with a waterway or sluice 120 feet wide on top and 94 feet at bottom; 
the bottom of the sluice to be a strong crib filled and backed up with loose stone. 
The top of each crib was to be placed 6 inches below the one next above, consequently 
requiring a dam for every 6 inches of fall in the river. Mr. Lorraine states that this 
must be made a matter of experiment, and thinks it might be practicable to reduce 
the number of dams by increasing the fall from one to another to 9 and perhaps to 12 
inches. His estimate, however, was based npon a 6-inch fall, necessitating 120 dams 
below the foot of Paint Creek shoal. They were to l>e so located as to reduce the 
slope on the worst shoals to 2 feet per mile. With this arrangement, and the ordinary 
low-water discharge taken at 1,350 cubic feet per second, there would be a theoretical 
depth of about 3 feet aud 10 inches io the sluices. To fill the waterways and make 7 
feet depth, 1.970 feet additional, or a total of 3,320 cubic feet per second, would be re- 
uired. This result, which is considerably larger, proportionally, than given by Mr. 
orraine, was obtained by assuming a uniform channel of the dimensions proposed for 
the sluices, with a slope of 2 feet per mile, and using the formula, 


V= 

If the discharge of the waterway is considered as from one reservoir to another, with 
a head of 6 inches, a liberal calculation gives nearly the same result as above. Besides 
the water required to fill the sluices, about 200 cubic feet per second would be needed to 
keep the dams submerged, making a total of 2,170 cubic feet per second, or 187,488,000 
per day, to be furnished by the reservoir. The annual available contents of the Meadow 
River reservoir, according to the final estimate of Mr. Ellet, would be 10,722,032,640 
cubio feet. This, divided by 187,488,000, gives over 57, the number of days the reser¬ 
voir would be able to maintain 7 feet navigation, when the discharge of the river was 
rednoed to 1,360 feet per second. 

We have but little reliable data to detormiue haw much help the river would prob¬ 
ably need, there having been no regular gauge observations takeu previous to August 
1, 1872. The following table is made from a reliable record, and compared as near as 
possible to the references used by Mr. Ellet: 




(3975.41 "p-*—.10889. 


Water down j } 

dtnary°*Iow Below + O'- 5 - B*' 0 * + I'.O. Bo’.ow + 1'.5. | Below + S'.O. 
mark. | 1 


I 

I Days. 1 Days. Days. ' Djys. Days. 

After August 1, 1872.» 18 36 56 75 91 

JSutire eeanon of 1873.j 00 6 28 J 44 65 

Entire aeaeon of 1874. 7 j 21 54 | 90 115 


Both i872 and 1874 were considered low-water seasons. Tbe discharge, computed by 
Mr. Ellet from observations taken just below the foot of Elk Shoal, was, for -f* 2 / .07, 
8,550 cubic feet per second. We have nothing very reliable from which to determine 
it between -f-2'.07 and low water, but it will he safe to consider it for -j-l'.S to be3,520 
cubic feet, the liberal estimate of quautity required to fill the sluices and keep the 
dams submerged. 

Tbe “ low-water season ” has been taken at 6ixty days, in previous reports, and the 
record since August 1, 1872, as well as general information to be had, goes to prove this 
a safe assumption, and that a reservoir able to keep up the supply during fifty-seven 
days, of what can safely be called the minimum discharge, would be ample for any 
reasonable emergency. 

ESTIMATE OF COST. 


As stated, this plan contemplates locks and dams down to the foot of Paint Creek 
Shoal. The details for this part of the estimate will be giveu under that for slack- 
water throughout. The table submitted, showing dimensions, costs, &c.,of each sluice- 
dam, is, as near as possible, a revision of Mr. Lorraine’s, increased to afford seven feet of 
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water. Owing to the nature of the plan, this can be considered but an approximation. 
Care has been taken, however, to make it large enough, and it is thought sufficient to 
cover all contingencies. The following is a summary for the complete improvement: 
For four stone locks and dams above Paint Creek Shoal, locks 280 by 


50 feet in the chamber. $918,041 00 

For excavations of channels aud approaches to locks. 95,000 00 


Total to fbot of Paint Creek Shoal. 1,013,041 00 

For 120 sluice-dams below Paint Creek Shoal. 490,216 00 

For protection of bauks below Paint Creek Shoal. 48,000 00 

For excavation of channels below Paint Creek Shoal. 52,200 00 

Lorraine’s revised estimate for Meadow River reservoir. 533.200 00 


2,136,657 00 

Add 10 per cent. 213,665 00 


Total estimate. 2,350,322 00 


IMPROVEMENT BY LOCKS AND DAMS THROUGHOUT. 

Under this head your instructions direct two estimates, one for an ordinary slack- 
water improvement, the other for a modification of this well-known system in the 
lower part of the river by movable dams, on the plan proposed for'the Ohio. That for 
the common improvement will be given first. 

The general character of the surveys made in September and October, 1874, under 
your direction, has been explained. As stated, they were mostly directed to making 
approximate locations and thorough surveys at the proposed sites for locks aud dams. 
The relative arrangement as to location, lift of locks, &c., will be given in a table with 
a summary of the estimate. 

SIZE OF LOCKS. 

Yon gave me some latitude by directing the estimate to be made for locks about 250 
by 50 feet in the chamber. The large-sized coal-barges are from 120 to 130 feet long, 
and generally 24 feet wide. To accommodate this important interest the locks should 
have at least an available length of about 250 feet. They were finally planned aud 
estimated at 280 feet between quoins, aud a clear width of 50 feet in the chamber. This 
gives an available length of 245 feet for the full width of the lock. I think this still 
too thort, and that they should be built to afford a clear length of 260 feet, or nearly 
300 between quoins. The additional length of chamber would add but little to the 
cost aud materially increase the capacity of the locks, as they wonld nicely admit fonr 
barges of the size which experience has proved to be the most economical for the ship¬ 
ment of coal, (130 by 24 feet,) or three barges and a small tow-boat. 


CHARACTER AND DESCRIPTION OF MASONRY. 

As directed, the estimate was made for stone locks, dams, and abutments of the best 
kind of bydiaulic masonry ; the general design of the locks to be similar to the last 
bnilt on the Monongahela River by the navigation company, and one now in progress 
by the Government, at Hoard’s Rock, under Colonel Merrill. The water is admitted 
through the upper platform and an arched miter-wall, and discharged through the 
lower gates. The masonry was estimated rather heavier than that in the Monongahela 
locks; the river and shore walls of the chamber respectively at 8 and 6 feet wide oo 
top, with au outside batter of about 1 in 6. Around the gates aDd abreast of recesses 
these dimensions were about doubled. The dams were planned with a width at base 
of not less than 10 feet, or seven-tenths the height; 9 feet wide on top, and capped 
with a sloping course of timber aud plaok, well fastened to the masonry. Abutments 
to be carried up 15 feet above the crests of the dams, 6 feet wide on top, with a doable 
batter of 1 in 12; total length of face and wings averaging about 120 feet. The 
estimate includes substantial guide-cribs and ice-breakers above, and dry retaining- 
walls below tbe locks, and a liberal allowance for paving aud riprapping the banks 
at least 300 feet below the works. 

FOUNDATIONS. 

Considerable time and labor were spent to determine their necessary character. As 
shown by the following table, solid rock can be obtained at seven of tbe sites, and it 
is thongbt can be found at others, by more thorough examination, without mate¬ 
rially changing the locations selected. At the remaining five sites, foundations of 
piles and timber are proposed, substantially like those adopted for the Illinois River 
locks, at Henry and Copperas Creeks. Tbe first was bnilt a few years ago, and. tbe 
latter is now in progress, under direction of Colonel Macomb. Corps of Engineers. 

Below each dam uot on solid rock, a very strong pile and timber apron is proposed, 
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extending 20 feet below the dam. The plan of foundations and apron will be shown 
on the general drawings to accompany this report. 

The detailed estimates for this improvement were forwarded to you on the 9th 
instant. A summary is given in the following table, with location, lift of lock, length 
of dams, Ac.: 


Number from 1 
Great Falla. 

Location. 

Distance from 
Great Falls. 

Distance from 
month of riv¬ 
er. 

Lift of lock. 

Length of dam 

Character of 
foundation. 



Miles. 

Milt*. 

Feet. 

Feet 


1 

Near head of Loup Creek Shoal. 

3 34 

90. 86 

9.6 

660 

Rock. 

2 

Near foot of Loup Creek Shoal. 

4. 67 

89.53 

10.4 

785 

Rock. 

3 

Foot of Lykens Shoals, at Cannelton. 

9.19 

85.01 

13 

676 

Artificial.. 

4 

Foot of Paint Creek Shoal. 

15. 12 

79.08 

13 

579 

Artificial.. 

5 

Brownstown. near head of Charleston Pool.. 

26. 84 

67.36 

13 

548 

Rock. 

6 

First below Charleston Pool, head of Island 
Shoal. 

39. 69 

54. 51 

7 

544 

Artificial.. 

7 

Near head of Newcomer Shoal.. 

43.22 

50. 98 

6.5 

563 

Artificial.. 

8 

9 

Ret-wpan Swirv and Shoals_ . _ 

52 46 

41.74 

32.43 

7 

598 

Rock. 

Head of Red House Shoal. 

61.77 

6.5 

670 

Rock.. 

10 

Near foot of Gillespie’s Ripple. 

Head of Debby’s Ripple.. 

C7. 36 

26. 84 

6 

590 

Rock. 

11 

75.02 

19. 18 

7 

558 | 

Rock. 

12 

Foot of Three-Mile or Cantrell’s Bar. 

Total for locks and dams. . 

1 92.40 

1.80 

; 8.7 

697 1 

Artificial.. 


Estimate for exoavation of channels and approaches to locks. 


Add 10 per cent for contingencies. 


rt 

a 


$174,931 
213,105 
272, 450 
257, 546 
219,940 
218, 573 

220,142 
182,644 
191, 067 
164,187 
170, 340 
244, 442 


2, 529,376 
268,000 


2,797,37) 
279, 737 


Total estimate 


3,077,113 


IMPROVEMENT BY MOVABLE DAMS, AS PROPOSED FOR THE OHIO RIVER. 


For a description of these dams, it is only necessary to refer to the elaborate report of 
the Board of Engineers on Movable Dams, Ac., consisting of General Weitzel and Colo¬ 
nel Merrill, (Ex. Doc. No. 127, H. of R., 43d Congress, 1st session,) and to Colonel Mer¬ 
rill’s annual report, printed as Appendix N of the Report of the Chief of Engineers for 
1874. As shown in these reports, this modification of the common slack-water plan is 
designed particularly to accommodate the coal-trade, and yon directed me to extend 
the estimate for it as high up the river as this interest seemed to require. In view of 
the importance of this interest and the great advantages of movable dams to suit it, 
it was thought advisable, in planning for the ordinary improvement, to do so with ref¬ 
erence to their final adoption below Charleston. Accordingly the maximum lift for 
the locks in this part of the river was taken, as by Colonel Merril for the Ohio, at 7 
feet. This would virtually extend the movable system to Biownstown, at the bead of 
the Charleston Pool, and though the coal-field extends still higher, the arrangement it 
is thought would accommodate the whole interest very well, as there would be at 
most hut two lockages to get the coal into the Charleston Pool, where there would he 
every facility for harboring it and for making np tows. If it should ever he found de¬ 
sirable to extend the movable dams as high up as Cannelton, at the foot of Lykens 
Shoal, it could he done by building two intermediate locks aud dividing the lifts of 
Nos. 5 aud 6. 

This arrangement makes the number of locks the same as proposed by Mr. Lorraine 
in his report to you, aud also as recommended by Mr. Jobu A. Byers in 186^, when he 
made a general estimate for a lock and dam improvement below Loup Creek. It adds 
one to the number of locks below Charleston, however, and reduces the number above 
to five. The advisability of the high dams proposed at Paint Creek and Brcwnstowu, 
particularly at the latter place, is somewhat questionable, hut they are no higher than 
some on the Monongabela River, where the height of banks aud general characteris¬ 
tics are similar, and as the arrangement is quite desirable I conclude, to recommend 
them. 

In the table the lift of lock No. 12 is given at 8'.70 ; this is with reference to present 
low-water at the month of the river. It will finally depend on the connection made 
with the lock and dam system projected on the Ohio. Colonel Merrill informed me 
that be conld give no definite information about it, hut thought there would be no 
difficulty in adopting their plan to 6uit any arrangement on the Kanawha. The low- 
water snrface at the mouth can easily be raised enough to reduce the lift of No. 12 to 
7 feet; and if it should prove expedient to raise it about 3| feet, the first lock ou Ka- 
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raw ha cau be located at tbe foot of Thirteen-Mile Shoal, where rock-foandation can be 
bad. 

A sn nun ary of tbe estimate for the complete improvement by movable dams below 
and permanent dams above Charleston, with locks StefO by 50 feet, is snbmitted. That 
for the movable dams is based ou the price per linear foot taken by Colonel Merrill for 
the Ohio, (Appendix N, Report of the Chief of Engineers for 1974.) The details axe 
given in the same (N 9) in Lieut. F. A. Mahan’s report on the Yougbiogheny River. 

The width of “pass” proposed for the Ohio has also been adopted, as it has been 
found necessary to make the present towing chanuels on Kanawha about 250 feet wide, 
to answer tbe requirements of the coal-trade. 
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39. 69 

22 WM 

|-U4 

314 

§816,1100 
SO, 000 

*gy 

§227 

227 

§66,738 
71,05ti 

544 

§152,738 


9 

Near beml of Sour {Viieer Shoal.. 

4122 

2501 

1J3 

563, 

157,051 

8 

3 

Scitry and JuLmhoub 

Stum! 

52. 46 

250 

314 

86,000 

34 j? 

227 

78,996; 

H 

164.995 

9 

4 

Head ol H«d-ITmiae Shiuil .. .... 

61.77 

2501 

344 

P6. fitKI 

430 

227 

95,340 

67U 

181,340 

HI 

9 

Nut font of < rilWptcn Hippie... 

67.36 

250 

34 4 

efl.OOfl 

340 

227 

77,189 

590 

163,181 

n 

6 

Head of TMjbj'e hippie. 

75. 02 

250i 

314 

§§,ochw 

ilOe 

227 

69,916 

558 

155.916 

1 ' 

7 

Foot of Three-MHe liar ... 

92.40 

250 

i 

344 

86.000 

COJ, 000 

447 

227 

101. 469 

560,69o! 

697 

187,4© 


Total for movable dams. 









1,162,690 


Locks and abutments, as shown in estimate for Black-water throughout.| 971. 4 


Total cost of movable-dam improvement below Charleston. 

Estimate f*»r five locks and permanent dams above Charleston Pool . 
Estimate for excavation of chanuels and approaches to locks_ 


Add 10 per cent, for contingencies. 
Total estimate. 


2,134, n# 

1,137, Ml 
268,000 


3,540,1*7 
354,0U 

3,804,183 


In regard to the relative merits of the two plans of improvement, (not to consider 
the movable dams,) I believe the slack-water can be much more confidently recom¬ 
mended. There are elements of uncertainty connected with the plan for open navi¬ 
gation ; and it is thonght, with every condition realized, it would have no advanti^es 
over locks and dams. The sluices are not more than half wide enough to answer the 
requirements of open navigation, and it appears they cannot be made much wider 
than planued, (120 and 94 feet,) if dependence is based on the one reservoir. This is 
about the width of the present “dug chutes” on the river, and, in stages when tbe 
navigation is confined to them, experience has limited descending tows to two and 
never more than three loaded barges. The great difficulty anticipated, however, is to 
asceuding craft. No form of sluice can obviate the unpleasant currents to be encoun¬ 
tered in entering and passing them, and in the uigbt or windy weather, particularly 
in certaiu s r ages of w r ater, this would be rendered more or less dangerous. 

Mr. W. R. Hutton, in his report to you dated January, 1*71, alludes to the resistance 
to a tow of loaded boats passing the sluices up-stream, and says they would necessitate 
some modification of the present system of towiug. If the tows should be limited to tbe 
size that could enter the locks proposed, (three barges and a tug) it is thought 120 
sluices would cause much more trouble and delay than the eight locks proposed in the 
same distance. In addition to these objections, and the uncertainties of realizing 
every condition of a theoretical plan, there is an element of danger connected with a 
reservoir of the dimensions proposed, formed by a dam neatly 70 feet high, which 
should not be ignored. 

From past reports it appears that a plan of open improvement has been sought for 
two principal reasons, one being the local objection to slAok-water improvement, the 
other the incidental assistance which the reservoir would lender to the Ohio. I think 
it may be said that neither of these reasons now' demand consideration, for the people 
of Kanawha are almost without exception in favor of locks and dams, and it is gen* 
eraily conceded that the same system, or some modification of it, most be resorted to 
on the Ohio. Paius have been taken to learn the sentiment of river-men, who are 


Digitized by 


Google 













APPENDIX y. 74i> 

generally familiar with this plan from observation of the Monongabela slack-water, 
and they are found universally anxious to have it adopted on the Kanawha. 

If the movable dams, so confidently and ably recommended for the Ohio, should 
prove successful,they would remove almost every possible objection to the slack-water 
improvement. 

Very respectfully, your obedient servant, 

A. M. Scott, 
Annuitant Engineer. 

Col. W. P. CUAIGIllLL, 

Major Corp# of Engineers, U . S. A. 


REPORT ON IMPKOVRMENT OF GREAT KANAWHA RIVER BY MEANS OF LOCKS AND DAMS, 

BY MR. WM. R. HUTTON. 


Baltimore, Md., Jane 30,1S70. 

Sir: The project for the permanent improvement of the Kanawha River as recom¬ 
mended by the Board of Engineers on the 25th of May, 1>75, (see page 94, part 2, 
Report of Chief of Engineers for 1875,) has for its object to furnish a navigable depth 
of 7 feet at all seasons of the year, from the mouth of the river to the falls. It pit - 
poses to accomplish this by means of nine lccko of low lift, with movable dams, from 
the mouth to the foot of Paint Creek Shoal, which is 15 miles below the falls, these 15 
nailes being improved by three locks of 15 feet lift each, connected wit h permanent dams. 

The project is based upon the very complete surveys made in 1858 by Mr. John A. 
Byers, and special preliminary snrveys of the different sit<8 selected for permanent 
works madennder your direction by Mr. A. M. Scott in W3, 1874, and 1875. 

In 1873 the low-water surface of each pool was observed, and referred to a proper 
permanent bench-mark, the surface of Charleston Pool reading 1.50 on the gauge-board 
at that place. This has been adopted as standard low water, although in 1874 the sur¬ 
face of the pool was 0.2 foot lower. In 1875, an accurate survey was made from Cabin 
Creek Shoal to a point 2$ miles below Brownstown, and a line of careful levels was 
run from the Falls to Newcomer's Shoal, 7 miles below Charleston. 

The only recorded gauges of the discharge of the river made before last year were 
these of Mr. Ellet. During 1875, twelve gaogiogs were made by Mr. Seott at the site 
of lock No. 5, 84 miles above Charleston, at various stages, ranging from 1.55 feet to 32 
feet above low-water. The river was very full daring the entire season, and at no time 
did it fall to low-water mark. 

The river is fully described, as to its general characteristics, by Mr. Lorraine, in his 
report to you of December 9,1872, (see page 836, Report of Chief of Engineers for 1873.). 
I recapitulate the principal features. The length from the Falls to the Ohio River is 
94 miles; total fall from the pool at the foot of the Great Falls is 108 feet, 47 feet of 
which occurs in the first 15 miles. The average width is 590 feet. During low water 
it is navigable from the upper end of Charleston Pool to the mouth by steamers draw¬ 
ing 3 feet. Above Charleston Pool, thtre is no navigation at low stages, although 
some improvements have been made in the way of sluices and training-walls, which 
are valuable to navigation at moderate stages. Coal is not shipped, however, until 
the liver rises 5 or 6 feet at Charleston. 

Ordinary floods rise to 25 or 30 feet above low water in the uprer half of the river, 
which here does not overflow the general level of its bauks. The highest flood on 
record, that of 1861, rose to 47 feet. 

Extreme low-water discharge, according to Mr. Ellet, is 1,100 cubic feet per second; 
ordinary low water, about 1,300 cubic feet. Comparing the Kanawha with the Seine, 
which has been improved with movable dams, the low-water discharge of the Seine is 
1,700 cubic feet per second, that of the Kanawha beiug 1,350 (rarely 1,100) cubic feet. 
The maximum flood of the Seine (anno 1658) rose 29.3 feet; of the Kanawha, 47 feet 
in September, 1861, at Charleston above (0) of gauge, which is 45$ above low water. 
Ordinary high floods of the Seine 20.5 feet, with a discharge of 56,000 cubic feet; of 
the Kanawha, 36 feet, discharging probably 132,000 feet. The low-water slope of the 
Seine above Paris is 0.5 foot per mile; of the Kanawha below Paint Creek, 0.8 foot 
per mile. 

Although the Kanawha is not navigable at low stages, there is no flood in which 
boats do not ran. In this it differs from the Seine, where navigation ceases when the 
flood exceeds 10 or 12 feet. 

As has been already mentioned, the project for the improvement embraces the con¬ 
struction of nine locks with movable dams, and three locks with permanent dams. 
The greater slope above the foot of Paint Creek Shoal renders it inexpedient to con¬ 
tinue the improvement by movable dams above that point. 

The movable dam, which has led to the recent great development of the interior 


Digitized by 


Google 


750 


REPORT OP THE CHIEF OP ENGINEERS. 


navigation of France, is fully described and figured in the report of Weitzel and Mer¬ 
rill, upon “ Hydraulic Gates and Dams,” (sec page 688, part 1, Report of Chief of En¬ 
gineers for 1875.) Its object is to permit an open river navigation whenever the natural 
depth of the water is sufficient, and to furnish a navigation by locks and dams daring 
low stages of the river. The navigation pass or sluice, in the present project feet 
in width, is an opening in the dam, with its sill about the level of the bottom of the 
river. It is furnished with wickets, which nia^ be raised to close it to the full height 
of the dam, and which lie flat upon the floor when the pass is open. The fixed portion 
of the dam is usually provided with wickets of a less height, to regulate the water in 
the poo], and to facilitate opening and closing the wickets of the pass. Their use is 
not contemplated in the origiual project, but further study indicates the substantial 
advantages which would follow their introduction. 

Good river navigation above Charleston requires at least a stage of 6 feet on Charles¬ 
ton gauge. With this height there is a rise of about 5.5 feet at lock No. 5; so that 
with the sill of the pass placed one foot above bottom, we have 8.5 feet of water in the 
pass. With 6 feet on Charleston gauge, the discharge of the river is about 12,000 cnbie 
feet, giving a velocity iu the pass of about 4.5, or a height on the dam, if closed, of 3.06 
feet. As the water rises, we have, with a depth of 10 feet in the pass, a velocity of 4J 
feet; with 12 feet. 5.8 feet per second; and when the pass is fall, bat none discharging 
over the weir, (supposed without wickets,) 6.4 feet, or about 4$ miles per hour, the 
lock-gates also being open for the passage of the stream. To diminish these velocities, 
as well as to reduce the maximum height of the sheet flowing over the wickets of the 
pass, which will permit a reduction of their strength and weight, the dam might be 
finisned at 4 feet below the level of the pool, and furnished with wicketa of that height 
These will be comparatively inexpensive; being low, they may be wide, say 6 feet at 
least, and they will need no slide or tripping-bar. Reference is intended to the wiek- 
ets of the Chauoine system, which should be preferred on account of their cheapness 
The Desfontaines system is more convenient, out the first cost is much greater. 

The surveys of the past season have enabled definite locations to be made for locks 
and dams Nos. 4 and 5. the former at the foot of Cabin Creek Shoal, and the latter 
abont a mile below Brownstowu, near the head of Charleston Pool. Lands have been 
purchased at both sites, and both locks are under contract, as well as the dam at No. 5. 

The surveys have also developed the fact that the river-bed is underlaid at no great 
deptlfby a ledge of rocks lying nearly parallel to the general slope of the river. Its 
continuity is not perfect; but it is so general that we may reasonably expect tofiod 
suitable locations for all the works, where they may be founded upon the rock. 

The levels that have been taken show the changes that have occurred in the height 
of surface of the pools in the past twenty years. The improvement of the bars by in¬ 
creasing the water-way through them, increasing their depth, at the same time lowers 
the surface of the pool above it. Thus, Charleston Pool has been lowered nearly 2feet 
bv th- great improvements to the channel at Elk Shoal; and the same effect is observed 
at other points. 

k As a type of the low lock and movable dam, a description is introduced of No. 5, it 
Brownstown, some eight miles above Charleston, now under construction. The lock, 
which is 364 feet in toral length, 300 feet between hollow quoins, and 50 feet in deii 
w idth, is designed to pass at one lockage four coal-barges of the dimensions usual oo 
the Ohio and Kanawha Rivers ; that is, 130 feet long, 24 feet wide, and drawing 6 feet 
of water. It is placed in the river as near to its left bank as practicable, while giving 
a good entrance and exit for boats. The dam, about 560 feet long, crosses the river at 
right angles to its direction, opposite the lower abutment, with a height from the rock 
of about 17 feet, aud will raise the water nearly 11 feet above low water. The pass 
adjoins the lock, is 250 feet wide, and its floor is 50 feet long in the direction of the 
stream. The pier which separates the pass from the river is 13.5 feet wide, 48 feet long, 
and 4 feet higher than the dam. The right bank of the river is protected by a masonry 
abutment rising 10 feet above the dam, with wings extending to the top of the hank, 
above the reach of overflow. 

The lock-walls will rest upon the rock, which at this point is between 3 and 4 feet lower 
than the miter-sills. At the ends (the abntoieuts for the gates) they will have a thick* 
ness of 16 feet; the interior faces will batter one-fourth of an inch to the foot; the ex¬ 
terior faces will be vertical on the river side, while the backs of the shore-wall will 
batter 2 inches to the foot. Between the ends or abutments, the chamber-walls are 1- 
feet thick at bottom of lock and 5 feet at top, the whole height being 20 feet, depth of 
water 7 feet, and lift of the lock 7 feet. The top of the lock is therefore 6 feet above 
the top of the dam. 

The npper and lower miter sills are placed at the same level, so that, by opening all 
the gates, the lock may serve as an extension of the pass. The miter-sills are of stone 
faced with timber; the floor of the lock is of concrete covered with plank, except a 
space below each gate, which is paved with dressed stone. The angles, hollow-quoins, 
miter-sills, coping, &c., are of cut stone; the rest of the masonry will be of a muck 
•cheaper class, altnough not inferior in fitness, strength, and durability; all to be laid 
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in the best manner in hydraulic cement. The chamber-walls will be furnished with 
rings for the purpose of securing boats. The locks will be tilled and emptied through 
valves in the gates, iu addition to iron culvert-pipes passing around the hollow quoins. 
It is proposed to build the gates of iron frames, covered with a sheathing of plank. 

In the lower abutment on the river-side is a well containing the gearing for tripping 
or throwing down the wickets of the navigation pass. This, as well as the chain 
wells and gearing for operating the gates, is contained below the surface of the coping 
and covered by iron plates ; for, as the lock will be submerged in floods, it is necessary 
that no machinery or framing should be exposed ou top of the walls. 

The floor of the pass is about 3 feet above the rock foundation. It is formed of con¬ 
crete, supported front and rear by timbers framed into crib-work ; the top is furnished 
with large timbers arranged to hold the journals, slides, &c., which are attached to 
them, and paved between the timbers with stone. 

The wicket is a wooden frame 13 feet 6 inches high and 3 feet 8 inches wide, covered 
with planks, and capable of revolving about an axis placed at the middle of its height. 
This axis is formed by the cross-head of an iron frame or horse, which is itself movable 
about a horizontal axis fixed upon the floor. 

When a wicket is raised, its foot rests against the sill of the floor; its horse is main¬ 
tained vertical by an iron prop, the foot of which abuts against a heurter, an iron 
abutting piece fastened to the floor. 

The wickets, being placed side by side across the current, form when raised a dam 
to close the pass. A movable foot-bridge is constructed up-stream, across the pass, to 
facilitate the operations of opeuing. To throw down or open a wicket, it is necessary 
to poll sidewise the foot of the prop, so that it shall slide across and clear of the foot 
of the heurter. The prop, having lost it support, slides npon the floor down-stream; 
the horse at the same time turns about its axis and falls upon the floor; the wicket 
follows them, and covers and protects the other pieces. 

If there were no water upon the floor, the wicket would be broken by the fall, but a 
very shallow cushion of water is sufficient, in a great measure, to destroy the shock. 

The foot of the prop is pulled away from the heurter by means of the tripping-bar, 
bne end of which carries a rack, gearing into a pinion in the well in the lock-wall, 
worked by a orank on top. 

To raise the wicket, the lock-keeper stands upon the foot-bridge, and by means of a 
portable winch pulls up a chain attached to the foot of the wicket. The wicketTises, 
maintaining, however, a position nearly horizontal. It offers, therefore, but little 
resistance to the current. The horse and'the prop follow its ascent until the foot of the 
latter, passing over the inclined plane, which forms the top of the heurter, falls in 
front of it, at the same time that the horse attains a vertical position ; the axis of the 
wicket is now in its final position, and a slight push on the foot of it, or even the slack¬ 
ing of the phain, is enough to cause it to right itself and bear its foot against the sill. 

The three upper locks will be connected with fixed or permanent dams, and will be 
founded upon the rock. The upper miter-sills will rest upon breast-walls, through 
which the tilling-culverts will discharge. The dams will be of masonry, with aprons 
of crib-work filled with concrete to protect from scour the soft rock of the fonndation. 
The head-walls of the lock will be carried up to a sufficient height to permit their being 
used in moderate floods. 

The locks, with movable dams, will generally be founded upon the rock. They have 
no breast-walls, bat both ends of the lock are upon the same level, so that it may be 
used for purposes of navigation when the pass is open. The walls extend but 6 feet 
above the dam, and will be submerged in floods. 

When rock foundations cannot be obtained at moderate depths, both lock and dam 
will be built upon piles. The floor of the lock will be an inverted arch to withstand 
the upward pressure of the water; the floor of the pass will be a heavy bed of concrete 
on piling, and filtratiou will be prevented by rows of sheet-piling and cross-walls of 
concrete. 

The cost of completing the improvement on the present plan is estimated, after 
carefnl revision, at $4,132,500. But it is proper to add that the work now under con¬ 
tract has been let at prices very much below those used in the estimate. 

Respectfully, 


W.vi. R. Hutton. 


Col. Wm. P. Cratghill, 

Major of Engineers, (J. S. J. 


COMMUNICATION TO THE PITTSBURGH COMMERCIAL RELATIVE TO THE OHIO RIVKR 

IMPROVEMENT. 


To the Editor of the Pittsburgh Commercial: 

Great public improvements are rarely accomplished without violent opposition, and 
strange as it may seem, the moststreuuous opponents are usually those who in the end 
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derive the great’at benefit from the measures they oppose. When agricultural imple¬ 
ments begat) to be introduced, farm'laborers, led by farmers, destroyed the machines 
and held public meetings to denonuce whoever favored their introduction. Planing* 
mills were opposed by the torch of the incendiary. Canals, when projected, have been 
denounced by wagoners, and railroads, in their tarn, by the canal-men and their 
associated interests. Railroads have been threatened with annihilation lest they might 
destroy the market for horse-feed, or carry fright and death among the farmers’hods. 

It is not to be supposed that the ohstrnctives and croakers in such cases are con¬ 
sciously instigated by had motives; on the contrary, a majority of them sincerely be¬ 
lieve their rights and living endangered. Iu most cases they are blinded by the ex¬ 
travagant declamations of a few over-confident and mistaken leaders, whose wild 
assertions and groundless predictions they mistake lor facts and arguments. 

THE MONONGAHELA NAVIGATION 


was bnilt in the face of hitter opposition from the flatboat-men and farmers along 
shore. “ It is a re markable fact,” pays one of the early reports, “ that with so many 
unanswerable arguments to recommend it to and enforce it upon the public attention, 
no work in the country has ever encountered greater obstacles than this. Instead of 
being, as it ought to have been, fostered by our citizens, and hailed by the Mooongi- 
hela Valley as a blessing to themselves, it met with nothing but the most chilling re¬ 
gards from the one or the most determined hostility from the other.” 

It was declared that the obstructions and tolls would extinguish 

THE COAL-TRADE 

and destroy the value of coal-lands, and insufferable delays and expenses cansed bytbe 
locks would rniu the river tor steamers. As the resnlt of the improvement the cosi- 
trade has increased siuce its constrnotion from 400,000 bushels to 63,707,500 bushels, 
and the increased value of the lauds li«s been many times more tliAu the entire cost of 
improvement. As to delays to steamers on acconut of the locks, Capt. £. Bennett, the 
most experienced boatman on the river said, ‘'The time of rnuning the fifty-five nibs, 
inclnding the passing of the fonr locks, varies from five and one-quarter to six boon 
(9 to 10.i miles an hour, inclnding the delays,) by different boats,” not inclnding stop¬ 
pages for freight and passengers. 

u I do not recollect coming up from Pittshnrgh to Brownsville before the completion 
of the slack-water in le s than twelve hours, and frequently from twenty to twenty- 
four.” The uniform depth and the absence of current far more than compensate fot 
the delays of the locks. 

COLONEL MERRILL’S PLAN. 

The plan for the improvement of the Ohio is the result of 30 years’ additional study 
and experience of the best engineers of the world, and is infinitely superior to the 
Mooongabela navigation; nevertheless, opposition is the fate of every improvement 
and must he encouutered and overcome by this one also. 

We could hardly expect the owners of au $80,000 tow-l>oat to be pleased at firei 
blush with an improvement which will enable a $4,000 or $5,000 tug with its barges 
by running safely all the yeir round, carrying coal down and freight up, to be a ik- 
cessful competitor, and this is one of the results anticipated from the improvement. 

A memorial to Congress, which I have seen to-day, states that only one inters* of 
the vast commerce of the Ohio is opposed to the improvement, and that only io ptr.. 
Having knowledge that some of the parties are in opposition only from a misunder¬ 
standing of the subject, let me endeavor to describe the plans and manner of workiBg 
as they present themselves to my mind, and their effect upon navigation. 

1. A lock is to be erected on one side of the river, the outer wall of which will be 77" 
feet long, parallel with the current, and forming one side of the navigation-pass. 

2. Opposite to the middle of the lock, extending out from the other side of the 
river, is a permanent dam or weir of a proper height, which reaches a point 400 fe-t 
from the wall, leaving a channel or navigation-pass betweeu the dam and the wall 
feet wide and as deep as the present river-bed. 

3. The navigation-pass has a system of gates or wickets capable of being r*is*l « 
as to close it when it becomes necessary to convert the navigation into slack-water. 

4. In order that the permanent part of the dam may make the least possible ob¬ 
struction to the water in times of unusual floods, and that it may be used in regulable 
the depth ih the navigable pass, it is made very low aud capable of being increased is 
height when needed by a similar arrangement of wickets. 

Thus in all high and moderate stages of water there will he a clear unobstructed 
channel 400 feet wide. When the water has fallen below the minimum depth fixed 
upon for the navigation—say 6 feet—the wickets iu the pa«s will be raiaed, andthtf* 
will be until the next rise a slack-water navigation in the river. 


Digitized by 


Google 



appendix v. 753 

The locks will In 630 by 73 feefc inside, and will p*99 tencoal-bargss, with large tow- 
boat and fuel flat, at one lockage. 

This method has been iu successful operation 

ON THE SEINE 

and other French rivers for years without any serions accident or failure. There are 
navigation-passes on the Seine *230 feet yrido and locks 615 by 40 fret. The barges ou 
the Seine Are about the size of those ou the Ohio, though the fleets are somewhat 
smaller. The Ohio beiug a larger stream, bearing larger fleets, the navigable passes 
and locks are correspondingly enlarged ? and this being the only difference from the 
plan in successful operation, to assert that “ it will not work” is simply a waste of 
words. 

The width of the open navigable pass is only 120 feet less than that of the pass now 
being constructed at tin mouth of the Mississippi River, a id is 100 feet wider than the 
cinnoel between the piers of the Steubenville bridge. It is 320 feet wider than an 
average coal-fleet, n-arly 300 feet wider than the wldesu and nearly double the width 
of the present wing-dam channels which they will supersede. 

The operation of this 

8 Y8TEM UPON TflE OHIO 

will not only leave the river free for the present method of navigation npon floods, 
but it will increase the length of time during which the flood will be available. This 
1 will explain as well as I can in the absence of drawings. 

On the French rivers when the water is high 

THE NAVIGABLE PA88 

is open and all the wickets on the \ow part of the permanent dam are down. When 
the water falls to the minimum depth required for the navigation there is still several 
feet running over the low periuauent dam or weir, and the lockmeu then begiu to raise 
the wickets on the weir at the shore end. Each day they raise whatever number may 
be necessary to turn the additional amoaut of water into the navigable pass whicn 
may be needed to keep up the required depth. When all the water of the river is thus 
made to go through the pass, and it still continues to fall, they begin to close the main 
wickets day by day as fast as is necessary to keep up the depth in the navigable pass 
by contracting the width. Thus they keep open the gap, gradually narrowing its limits, 
as long as it can be run with safety to the works; then close it, and use the locks dur¬ 
ing the continuance of low water. Let us see how this would affect the Ohio. I have 
before me, in the engineer's report for 1871, a table showing the 

DAILY STAGE OF THE WATER 

by the Pittsburgh gange for the year 1868, about an average year. From this it ap¬ 
pears that there was— 

8 feet aud over, 65 days in the year. 

6 feet and over, 153 days in the year. 

Between 5 aud 6 feet, 44 days in the year. 

Between 4 and f> feet, 31 days in the year. 

Under 8 feet, 300 days. 

Under 6 feet, 212 days. 

Under 5 feet, 168 days. 

It must he evident to even a oasn&l observer of the Ohio that, if the qnantity of 
water which flows in the open river to make a 6-foot stage coaid be concentrated into 
a pass only 400 feet wide, it would increase the depth in the pass to an amount pro¬ 
portionate to its volume aud velocity. So also the water which makes a 5-foot stage 
in the open river. 

Applying this plain fact, we find that if by raising the wickets on the permanent 
part of the dam anting a 6-foot stage and turning all the water into the navigable 
pass, and the depth of the pass would be increased only 2 feet, there would be 8 feet 
in the channel for 153 days instead of 65 dags, as now. If concentrating the water when 
there is 5 to 6 feet wonld raise it in the pass from 1 inch to 1 foot, we would have an 
open 6-foot navigation 197 days instead of 153 as now. 

By raising half the wickets in the navigable pass and redncing the width 200 feet as the 
water begins to sink to the 4-foot stage, the 6-foot open navigation could probably be 
continued 31 days longer, increasing the 197 days to 228 days, and leaving but 137 days 
during which the locks wonld be necessary for navigation. Thns we wonld get an 
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improvement from the navigable passes and dams alone, even without the locks, rep¬ 
resented by the following figures: 

Unimproved river. Navigable pan. 

Day*. Day*. 

Depth, 8 feet end over.-. 65 153 

Depth, 6 feet and over. 153 197 

By narrowing the pass... 228 

To make these figures mathematically correct would require intricate calculations 
and measurements involving velocity, currents, &c., but they are accurate enough for 
illustration, and approach very near to what will be realized from the proposed method 
of improvement. 

They show that the Ohio can have a practically unobstructed channel for navigation 
6 feet deep and over ior 228 days in the year, and slack-water with convenient and 
capacious locks the remainder of the time, during the greater part of which it is now 
unnavigable. 

F. R. B. 

Pittsburgh, February 19, 1676. 


REPORT ON THE SURVEY OF THE SUMMIT-LEVEL, BY MR. E. LORRAINE, PRINCIPAL 
ASSISTANT ENGINEER OF THE JAMES RIVER AND KANAWHA CANAL. 


Richmond, January 20,1852. 

Sir : I have the honor to anbmit to yon the following report of the survey of the 
summit-level of the James River and Kanawha Caual, made under your instruction* 
dated April 7, 1851, and in accordance with subsequent instructions received from time 
to time in the field and by correspondence. 

The object of the survey was to ascertain the practicability and cost of supplym* 
with water the summit level of the canal. A survey for this purpose was made in ibe 
year 1627 by Capt. William G. McNeill, of the United States Topographical Engineers, 
by whom it was prouounced practicable to feed from the Greeubrier. As his plat, 
however, involved the adoption of a tunnel five miles long through the Greenbrirr 
Mountain, it was deemed expedient to make a further examination of the Greenbrier 
and its tributaries to ascertain whether it was practicable to feed from the Greenbrier 
and at the same time dispense with the long tnnnel. 

The survey was commenced at the eastern base of the Alleghany Mountain, where it 
was connected with station 1093, the terminating point of a survey of the line of e«i»i 
from Covington westward, made under your direction by John E. Mills, esq., in thefftH 
of 1850. Having established the summit-level, as directed by yon, at au e evation of 
696 feet above the level of Jackson’s River at Covington, and 1,916 feet above tide, a 
location w as made for the tunnel through the Alleghany to the point where the plaoe 
of the summit-level intersects the w estern base of the mountain, in the valley of Turk- 
ahoe Creek. From this point I traced a line for a feeder along the eastern side of ibe 
South and Middle Forks of Howard’s Creek, crossing over the Middle Fork to the Xortk 
Fork ; then crossing the North Fork and running down its western margin along tbr 
base of Greenbrier Mountaiu, and around the south point of that mountaiu t-o the eastern 
side of the Greenbrier River, and thence up the Greenbrier. This line was traced wick 
great care for about nineteen miles up Greeubrier River, when the impracticability 
feeding from Greenbrier by drawing the water from any pond that might be formed 
upon this level 'became so evident, for reasons that will be hereafter stated, that, after 
advisement with you, the location of the feeder-line was abandoned. The levels a 
compass-line, however, were continued up that river to the Droop Mountain or U* 
mouth of Spice Run, a distance of fifty-six miles from the summit-level, and abc& 
forty miles up the Greenbrier from the mouth of Howard’s Creek. 

The Greeubrier River is bordered by mouutaius which generally slope down to tie 
water’s edge, with occasionally a narrow strip of low grounds intervening betweta 
the base of the mountain and the river. The sides of the mountain have a gam 
inclination of from 25° to 35°, and not unfrequently of 45°. From Greenbrier Bndr 
for 19 miles np the river they are covered with loose rock, in many places perfectly 
bare of soil, and from 6 to 10 feet deep, measuring vertically. A feeder-canal ob¬ 
structed in snch a locality would require very high walls on one side, for which £ 
would be difficult to procure a substantial foundation, and on the other side, in order 
to obtain a sufficient slope, a great extent of the surface of the hill would have to be 
removed. The whole of tne bottom and the sides up to the water-liue wonld have tr 
be lined with pnddle, which coaid only he procured from a great distance, and get- 
erally from the opposite side of the river, and hauled up a steep hill, upon an aveng* 
of 150 feet above the river: and then after the feeder was constructed, in the aw** 
substantial manner, it would he liable to be swept away by slides of e&itb, stones, 
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treeB, brought down from above by every heavy rain that occurred. The entire length 
of the feeder would be about 53 miles, whnh might he shortened to 31 miles by the 
adoption of Captain McNeill’s 5-mile tunnel or to 43 miles by the adoption of a tunnel 
2f miles long through the Greenbrier Mountain, opposite the White Snlphur Springs. 
With either of these ttiunels the general character of the feeder would b*, as above de¬ 
scribed, difficult to be made stibsantial, and extremely costly. Those are the consid¬ 
erations which led to an abandonment of the plan of supplying the summit-level by 
means of a feeder from the Greenbrier. 

Having concluded the survey of the Greenbrier, my attention was directed, by par¬ 
ticular instructions from you, to the other streams which are so abundant iu that 
mountain region, with a view of testing their availableness as feeders. The most prom¬ 
inent of these are Anthouy’s Creek, Little Creek, the Middle and N *rth Folks of How¬ 
ard’s Creek, and the South Fork of Howard’s Creek, or Tuckah e Creek. The first in 
rank of these streams is Anthony’s Creek, which is a tributary of the Greenbrier. It is 
25 miles long from its mouth to its sonree, and is fed by Little Creek, and three prin¬ 
cipal branches which unite abont >5 miles from its month, and also innumerable 
smaller streams and springs which issue from the bides of the mountains by which it 
is bound. 

About 8 miles above its month there is a place called the “ Narrows,” where the 
creek has forced its way tbrongh a steep and narrow gorge of the mountain, and above 
which the mountains diverge, and the stream runs through a beautiful valley about a 
half-mile wide. This place was selected as a site for a mound, which, when thrown 
across this narrow point, will efiVctually arrest the water that flows down the creek, 
and convert, the valley above into a magnificent reservoir 9 miles long aud 46 miles 
around, with an average width of one-half of a mile, a i-uperficial area of 2,753 acres, 
and a mean depth of 60 feet. The mouud for this reservoir will be 126 feet high and 
395 feet long. In order to avail ourselves of this iiumeose body of water, it will be 
necessary that the mouutaiu-ridge which separates the southern border of the reservoir 
from the valley of Howard’s Creek shall be pierced by a tunnel 2$ miles long. The 
level of the bottom of this tunuel will he 30 feet below the surface of the water in the 
reservoir. It passes for its entire length through a black-slate rock of easy excavation, 
and as it will only be necessary to be made just large enough to be advantageously 
worked, it cannot be considered an obstacle of any serions importance. After passing 
through this tunuel, the water from the reservoir will fl >w down the bed of Dry Creek, 
and at the narrow gorge where it enters into the valley of the North Fork of How¬ 
ard’s Creek, a dam 300 feet long and 20 feet high will have to be constructed to stop 
the water and turn it by a tunnel 200 yards long into the valley of the Middle Fork of 
Howard’s Creek, after which it will be conducted by a feeder canal 2.8 of a mile long, 
of a cheap and easy construction, to the summit-level. 

Id the valley of Little Creek, there will also be a reservoir, the water from which 
will be conducted by a feeder of 4.3 miles long into the Anthony Creek reservoir. The 
mouud of this reservoir will be 690 feet lonjf and 40 feet high. The area of the reser¬ 
voir will he 127 acres, and the depth of available water 20 feet. 

Upon the north or main fork of Howard’s Creek there will be two reservoirs; the 
lower one of which is called the Howard’s Creek reservoir, will be made by a monnd, 
1,180 feet long and 50 feet high. Its area will be 156 acres, and depth of available 
water 25 fett. The uppi^r one is called the Jericho reservoir, the mound for which 
will be 222 feet long aud 63 feet high, its area 92 acres, and mean depth 21 feet; all 
th« water of which can be drawn off into the lower nservoir whenever it may be re¬ 
quired. The water from these two reservoirs will be conducted by a feeder-canal, 
1,800 feet long, into the pood formed by the dam acioss Dry Creek, where it will cou- 
nect with the water from Anthouy’s Creek. 

The filth and last reservoir is that upon Tnckahoe Creek. This reservoir is formed 
by a monnd 589 feet long and 85 feet high; its aiea is 159 acres, and m*an depth of 
available water 30 feet. The localities of these reservoirs and feeders will be moie 
fully understood by reference to the accompanying map. 

Under the mounds of all the reservoirs adequate provision has been made, conform¬ 
able with your direction, for culverts which will allow the waters of the creeks to pass 
off during the construction of the mounds, and obviate all annoyances and danger to 
tlie work in time of freshets. After the reservoirs are filled, these culverts, with the 
appendages of pipes and gates, will be used for drawing off the water as required, for 
the purpose of feeding the canal, or for drawing it all off, if necessary, for repairs. 

Haviug given the above brief description of the general plan of the reservoirs, the 
next thing to be considered is the 

SUPPLY OF WATER. 

In conformity with the principles laid down by you, I shall first enter into a calcula¬ 
tion of the supply of water which will be required for the use of the canal, and then 
into a calculation of the supply that will be afforded by the reservoirs. 

The whole length of the canal to be supplied entirely by the reservoirs would be that 
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portion between the point on the eastern side of the snmmit where Dnnlap’s Creek is 
taken in as a feeder, and the point on the western side of the summit where Howard’s 
Creek is taken in as a feeder, a distance of about 9 miles. Bat as the supply from 
Howard’s Creek will be considerably diminished by the quantity of water which will 
be Bhut oft’ by the re-ervoir above, we will not consider Howard’s Creek as affording 
any supply at all, except what is obtained froip its reservoirs. It shonld, however,he 
borne in mind that this will l>e a most liberal deduction from our actnal supply, espe¬ 
cially during tbe winter months, when this creek is fall, and would be a most important 
auxiliary. The length of canal then which we will assume as supplied by the reser¬ 
voirs is all that portion included between tbe point where Dunlap’s Creek is taken in 
and the Greenbrier River, a distance of 15 t% miles. After tbe prism of the canal 
shall have been filled, the yearly snpply which will be demanded from the reservoirs 
will be a quantitv sufficient to supply the loss by leakage through the locks and 
evaporation and filtration from the canal, and the quantity consumed in the passage 
of the boats through the locks of the summit-level. 

From experiments made by Mr. Fisk on the Chesapeake and Ohio Canal, the loss by 
leakage through the locks, which are of the same size as ours, amounted to 62 cubic 
feet per minute, and the monthly loss upon the same canal from evaporation and filtra¬ 
tion was about twice the quantity of water contained in it. The whole qnantity.tbcD, 
lost upon our canal would be, according to Mr. Fisk’s experiments, 59 cubic feet per 
minute for each mile. According to Mr. Jervis’s experiments <n the Erie Canal, tbe 
total loss from evaporation, filtration, and leakage through the gates is about 100 cubic 
feet per minute for each mile. Let ns, then, assume the highest of these quantities as 
our standard. The portion of tbe canal occupied by the tunnel and its appraaclss 
being through solid rock, would be subjected to no leakage, and not as much loss by 
evaporation as would be supplied by subterranean springs, and i*, therefore, excluded 
from this calculation, leaving the ontire length of the canal subject to filtration aoA 
evaporation ll-ft miles. The loss, then, by leakage, filtration, aud evaporation would 
be 1,180 cab’c feet per minute, or 1,699,200 cubic feet per diem. 

In making the estimate for the quantity of water consumed in passing the boats 
through the locks, let ns assume than tbe canal shall enjoy a full trade, and the bat- 
pass through the locks at the bnmiuit as fast as possible. The average time of a boat 
passing a lock of 10 feet lift is abont 6 minutes, or about 340 boats per diem. Assoh- 
iug a full trade, we must also assume a fair alternation of boats passing the summit- 
level, which would allow 1^ prisms of lift to each boat, or 360 locks full of water per 
diem, which, for locks of 10-feet lift, would amount to 5,400,000 cubic feet pet diem- 
Add to this quantity 1,699,200 cubic feet, the quantity lost by leakage, filtration, and 
evaporation, and we have 7,099,200 cubic feet, or 262,933 cubic yards, per diem astbf 
quantity of water necessary to navigate tbe canal with a full trade. 

To arrive at tbe amount of water that will be available to snpply the above demand, 
we must estimate the quantity that will be supplied by the rain falling npon the are* 
of country drained by the several streams upon which the reservoirs are to be con¬ 
structed. For this purpose rain-gauges have been kept at points bordering uponibe 
said streams, and the results of observations of four consecutive years have bwc 
recorded. An accurate survey of the area of the country drained was made under my 
direction dnring the last summer, in which tbe whole outline of the basin of each 
stream extending along tbe top ridges of the Alleghany and its spurs was carefully 
traced. From the above data tbe average quantity of rain which tails per annum can 
be easily obtained ; and after makiug the proper deduction for evaporation and ate ! 
tion, we arrive at the quantity of available water which the streams afford. Butts tbs 
supply is not constant, hut variable, it is necessary that it should be regnlated. Ft* 
this purpose mounds must be constructed at convenient points across these streams, 
which will dam them np and form large reservoirs, from which the supply requisite fa 1 
the navigation of the canal can be drawn off at pleasure. To ascertain the quantity 
of water which these reservoirs will contain, an accurate survey was made of ftwtf 
superficial extent, after which cross-sections of their depth were taken at every con¬ 
siderable variation in the ground with the angles of the hill-side at every station ^ 
100 feet. Each reservoir was then divided into a number of fields, the superficial and 
cubic contents of which were separately calculated. 

The area of the country drained into these respective streams is as follows: ^ 

Into Anthony’s Creek. GU* 

Into Little Creek..-. 

Into Howard’s Creek... 20,1$ 

Into Tuckahoe Creek. 

Total.100,51* 

or 157 square miles. 

Tbe result of the rain-gauges at Anthony’s Creek is an average of 37 inches per an¬ 
num, uud at tbe White Sulphur Springs 3s inches per au no in, giving a general avenge 
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of 37| inches, which, f tiling upon the above area, will give 506,848,833 cubic yards per 
annum, or 1,388,627 cubic yards per diem. The anuual drain tge from a given area 
depends npon the climate and the topographical and geological featu es of the country. 
From extensive experiment* made by Mr. Charles Ellet, jr., upon the Ohio River, which 
are recorded in bis •* Physical G tograpliy of the Mississippi Valley,” he has ascertained 
that the annnal drainage in that section of country is 40 perc-mG. of the raiu thai falls. 
In oth»r localities it is found to be 50, and as much a* 60 per cent. The country sur¬ 
rounding the summit-1'vel of the James River and Kanawha Canal is all mountainous. 
The sides of the mourtains are generally steep and but scantily covered with soil, 
offering every facility for a rapid discharge of the water which falls upon its surface. 
When we take into consideration the difference between this couutry and tl^at which 
is drained by the Ohio River, the latter consisting principally of gentle slop s, we are 
warranted in tbe conclusion that its auuual drainage must be by far the greater of the 
two, and even greater than any of the above estimates. 

From observations made by Mr. J. B. Jervis, iu reference to the reservoirs for the 
Clieuartgo Canal in tbe State of New York, it appears that, in that locality, abjut 
two fifths (or 40 per cent.) of tbe quantify of raiu may be collected for the supply of 
a reservoir. We will put it, therefore, at the low estimate of 40 per ceur., which will 
leave 555,450 cubic yards per diem as its drainage, and the quautity that may be col¬ 
lected in reservoirs, or more than twice as much as would be required for the naviga¬ 
tion of the canal. By a proper distribution of r^savoirs nearly the whole of this 
quantify of water might te collected and retained for future use. But, as all of it 
would not be requited, it is only proposed to construct a few reservoirs in the most 
advantageous localities, where narrow passages through the mountains suddenly ex¬ 
pand into spacions valleys, and where short and high monads thrown up at no great 
expense, across the narrow g rges, will shat up large bodies of water, which cau be 
drawn off and used at pleasure. 

The following table will show the area and cubic contents of these reservoirs, and 
tbe annual drainage into each of them: 


. Reservoirs. 

Area of reservoir 
in acres. 

* « 

£2 
ac £ 

. 

Si 2 
■2 3’5 
£>«> 

Area of drainage in 
acres. 

r-s 

^ S 2 

IIS 

e: 2 O 

>* xa 

» i. a 
jit a. v 

a 5se 

O 

© £ 

it 

£f 2 
I 2 " 

Anthony’s Creek. 

2,753 

109,189,130 

65,100 

324,090, 758 

129,639,903 

1 ittle Creek . 

127 

3,013,856 

5,654 | 

1 28, 122. 46s | 

1 11,248,9*7 

Howard's aud Jericho. 

218 

9,276.410 1 

1 6,75M 

1 33,573. 870 

13, 429, 548 

Tuckahoe . 

159 1 

7,693,464 1 

9, 522' 

47,361,539 J 

18,944.616 

Total. 

3,287 

1129,172,860 

87, 086 

,133,157,635 

173,263,054 


From an inspection of tbe above table, it will be seen that the quantity of water 
assumed to be available, and proposed to be reserved for the use of the canal, is 
173,263,054 cubic yards per annum. From this quantity should be deducted the annual 
loss trom evaporation and leakage of the reservoirs and feeders. We will put dowu 
theannn *1 evaporation from the reservoirs at Smeatou’s estimate of 36 inches; but 60 
per cent, of tbe annual tall of rain, or 22 inches, having been already allowed to pass 
off by evaporation and absorption, in which the rain falling upon the surface of the 
xes-rvoirs is included, only the difference between that quantify aurt 36 inches, or 14 
inches, should be allowed for evaporation. Tbe allowance for leakage aud absorptiou 
in the reservoirs should be limited to the quantity of leakage through the mounds. 
There can be no leakage or absorption or filtratiou iu the reserv-drs themselves, for 
after the water lias passed through and saturated the rbin overlying stratum of soil, 
it would reach th* impenetrable r.ick, and then it would have to stop ; there could be 
no further absorption or filtratiou. 

We will then only consider the leakage through tbe mounds, and for this purpose we 
will suppose each mound to he the bauk of a canal of 30 feet bottom, aud that ihecoutents 
of such a canal would pass through its banks once iu fifteen days, or as ther* would be 
but one bank, onc<i iu a month such an allowance for all the reservoirs would be equal 
to 40 inches of their surface annually, which, add«~d to 14 iuclirs, gives 54 inches as the 
whole deduction for evaporation aud filtratiou iu the reservoirs, equal to 23,863,620 
cubic yards per annum. For evaporation and filtration in the feeders, allow that each 
f etdtr will lose the whole of its prism of water once in every fifieeu days. This for 
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7 } miles of feeder, with an area of cross-section of 58.50 square feet, will amount to 
2,051,200 cubic yards per annum. We have then for deduction : 

Cubic yank 


For evaporation and filtration in the reservoirs.-. 23,863,620 

For evaporation and filtration in feeders. 2,051,200 


Total. 25,914,820 

Which deducted from total supply.173,‘263,054 


Leaves for available water, per annum. 147,348,234 

Or, per diem. 403,©4 

The quantity estimated as required being, per diem. 2452,933 


We have a surplus of water, per diem, over demand, equal to 


140,761 


In making the above calculations, we have exact data for the area of drainage and 
the downfall of rain. The allowances made for the drainage and for losses by evapo¬ 
ration and filtration in the canal, reservoirs, and feeders, are based upon careful obser¬ 
vations and experiments made by distinguished engineers in this country and in 
England. In adopting this basis, however, it will be observed that we have not 
availed ourselves of the highest or lowest estimates which would best suit our pur¬ 
pose, or even of an average, but have been contented to assume the lowest forth 
amount of drainage, and the highest for the evaporation, filtration, and leakage. Still 
wc have the large surplus of 140,7411 cubic yards per diem, or more than one-halfoi 
the required supply. This surplus is amply sufficient to cover any contingencies or 
objections that iugeuuity may suggest. To cover the ground, however, more fully, it 
is a fact worthy of attention that we have not in the above estimate availed ourselves 
of the whole area of drainage, but that there still remains 13,446 acres of drainage os 
the middle fork of Howard’s Creek, which might be added to the above estimate,ari 
that by multiplying the reservoirs in the valleys of tlie streams embraced in tbesu 
vey, a sufficient supply of w ater could be obtained for nearly two such canals. 

If, at some future time, the increase of trade on the canal should demand a donbi* 
set of locks, and consequently nearly a donble supply of w ater, the additional quantity 
that might be demanded could be obtained in tbe mode above indicated. Ltanlap 
and Potts’s Creeks on the eastern side of the mouutain could also be taken in,it 
uecessary. 

Below is an estimate of the cost of supplying the spmmit-level: 


Anthony’s Creek mound. .$106,181 

Anthony’s Creek feeder-tunnel. 318,2' 

Little Creek mound. 17,056 & 

Little Creek feeder. 43,91*6 1' 

Jericho mound... 15,0301' 

Howurd’8 Creek mound..... 47,554 ^ 

How ard’s Creek feeder.-. 5,799'.*'* 

Dry Creek mound . 2,435 o 

Feeder from Dry Creek to Summit, including tunnel. 

Tuckahoe monud. 83,34'* - 

Laud-damages.-..... 51,000 ’’ 


863,292 0 

Add for contingencies 20 per cent....». 160,65? 4* 

Total cost. 963,950 4* 


The above estimate includes all the reservoirs and feeders that may be necessary fe 
tbe navigation of tbe canal with a full trade, and is intended to cover all contingeuch 
But as the canal at first w ould not have a full trade, and would probably not be op^ 
on an average for more than eleven months iu the year, thereby diminishing tbert- 
quired supply of water one-twelfth, it is evident that there would l»e no necessity & 
constructing all these reservoirs at first. Anthony’s Creek reservoir would of itself^* 
amply sufficient to supply the canal during the whole year—for many years to c*«* 
A strict estimate of the cost of supplying the summit-level should then be confiot^ 
the cost of that reservoir and its feeders, which will amonut (with 20 per ceut.*^ 
for contingencies) to $090,903. 

Daily gauges ot Anthouy’s Creek were commenced last August, and will be confinem 
until twelve months shall have expired. These gauges, together with tlieraio-gaflge 
will furnish us with exact data, by which we can ascertain the auuual discharge^ 
water by the creek, the difference between which and the dow'Dlall of rain willdw* 
the quantity carried off by evaporation and absorption. 

Toward the dose of tbe survey I w-as joined by Processor Tuomey,* of the Universe 
of Alabama, who was iuvited by the President to make a geological examinatio-^ 
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the sites of the reservoirs. That gentleman made a laborious and carefnl examination 
of the whole ground, the results of which have been published, and are highly satis¬ 
factory. 

Very respectfully, your obedient servant, 

E. Lorraine, 

Principal Assistant Engineer, 

Col. Walter Gwynn, 

Chief Engineer James River and Kanawha Canal, 


Approved and submitted in lieu of any report of my own, as is usual upon surveys 
made under my direction. 

Walter Gwynn, 

Chief Engineer James River and Kanawha Canal, 

V 

Table of rain-gauges. 



At Anthony’s Creek. 

At White Snlphnr Springs. 

1847-48. 

1848-’49. 

1849-’50. 

1 

1850- 51. 

1847-’48. 

1848-’49. 

1849-*50. 

1850-51. 

Meters. 

Parts. 

Meters. 

Parts. 

Meters. 

Parts. 

Meters. 


Meters. 

* 

h 

flS 

S8 

« 

© 

© 

Parts. 

0b 

U 

S 

S3 

Parts. 

Meters. 

Parts. 

September . .. 

2*2 

6 

21 

5 

it i 

3 1 

0 1 

^ 2 

21 

5 

20 

4 

16 

0 

6 

2 

October. 

33 

! o 

11 

! 3 

34 

1 3 

21 1 

5 

30 

7 

20 

1 7 

db ! 

3 

21 

5 

November. 

44 

i 4 

35 

i 4 

11 

| 0 

31 1 

6 

42 

7 

35 

3 

10 

0 

31 

6 

December --, 

i 32 

i 

42 

i 1 

56 

0 

40 j 

3 

37 

8 I 

43 

5 

56 

0 

44 

2 

January . 

23 

! 0 

25 

5 

38 

7 

5 1 

0 

22 

7 ! 

26 

5 

36 

3 

3 

5 

February. 

! 33 

3 

23 

7 

31 

9 

32 

2 

32 

2 

22 

5 

26 

8 

32 

9 

March . 

44 

1 6 

42 

9 

23 

0 

24 

4 

48 

2 

40 

8 

23 

3 

24 

4 

-A pill. 

i 17 

7 1 

19 

3 

35 

8 

28 

4 

21 

8 

20 

8 

45 

6 

28 

2 

May . 

51 

9 

32 

3 

53 

1 

40 

5 

39 

9 

33 

1 

53 

1 

27 

2 

June . 

11 

9 

20 

5 

40 

1 

17 

7 

16 

0 

39 

0 

25 

6 

25 

5 

J nly . 

i 41 

7 

58 

6 

12 

0 

49 

6 

57 

2 

45 

: 8 

30 

6 

86 

0 

A a gnat. 

1 38 

t 7 ' 

35 

0 

41 

0 

18 

8 

36 

2 

13 

i 2 

46 

1 

18 

8 

Total. 

j 394 

9 

| 371 

i 1 

388 

1 8 

322 

2 

406 

7 

361 

1 6 

399 

7 

350 

0 

Inch. 

j 39.49 

37. 

11 

38.88 

32.22 

40.67 | 

36.16 

39.97 

35.00 


SUPPLEMENTAL REPORT ON THE SURVEY OF THE SUMMIT-LEVEL, BY MR. E. LORRAINE, 
ASSISTANT ENGINEER JAMES RIVER AND KANAWHA CANAL. 

PATTON8BURGH, October 5, 1852. 

Sir : I had the honor of submitting to you in January last a report upon the survey 
of the summit-level, and upon the supply of water which might be obtaiued for the nav¬ 
igation of the canal. The calculations for the water-supply were based upou accurate 
surveys of the baSins of the various creeks from which it was supposed to feed, and 
upon the observations of the downfall of rain for the four preceding years. 

To the engineer or to the man of science this method is perfectly satisfactory, be¬ 
cause he knows it is customary, and that where it has been tested the practical results 
have always proved that the theory was correct. But to the person unaccustomed to 
b jientific investigations the whole process appears to be chimerical, at least, if not em¬ 
inently ridiculous. Such persons regard the scheme of carrying the canal over the 
Alleghany Mountains more as one of the reveries of a lunatic than as the sober thought 
of a sound practical mind. And the notion of its impracticability is based mostly upon 
the idea that it will be impossible to obtain water sufficient to supply the summit-level. 
The enemies of the canal have taken advantage of the ignorauce of the people, aud en¬ 
deavored to plunge them into still greater darkness, either by the misrepresentation of 
facts or by the suppression of the truth. The country about the summit-level has been 
represented as a region of parched and arid rocks, upon which the rain never falls, or 
if it does, only to be swallowed up by innumerable chasms. The creeks and streams 
are said to be all dry , and the only hope of supplying the canal is from a few holes to 
be dug in the mountains, which are to be filled from the mists and dews of heaven. 

The object of the survey which you caused to be made last year was to remove all 
doubt asjo the practicability of prosecuting the water-line to the Ohio. A report was 
made upon that survey, which I believe satisfied yourself and every candid friend of 
truth that the water line was practicable, and that the summit-level could be amply 
supplied at a very moderate cost. The estimates, however, of the supply of water 
were based upon the downfall of rain. But as it lias seemed heretofore a 
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tery to the people of Virginia bow it was possible for a canal to be supplied by rein, 
forgetting that tbe Mississippi River receives its annual supply from tbe same con¬ 
temptible source, it was desirable that the subject should be investigated in another 
way, which should be more practicable and tangible to tbe eyes of even those who do 
not wish to see ; and as there seems to be such an objection to the caual being sup¬ 
plied in tbe same way as our rivers, lakes, and seas, it was hoped that if it could be 
clearly proved that Anthony’s Creek itself, apart from all connection with tbe clouds 
and rain, actually discharged enough water to supply the canal, that then tbe mystery 
would be solved and the most incredulous would become convinced. For this purpose 
, you instituted daily gauges of Anthony’s Creek, to be continued for one year. Accu¬ 
rate sections of the creek were taken in three different places, aud it waA so arranged 
that it was only necessary that tbe width and velocity of the creek should be measured 
daily aud reported by a careful and intelligent person. Snch a person we found in 
Col. Audrew Humphreys, who deserves great praise for the punctuality and faithfal- 
n» ss with which be has discharged tbe important duties which were assigned to him. 
Tbe gauges have been regularly taken, tbe reports have been sent in, and are now 
before me with tbe calculations deduced from them, which I now beg leave to submit 
to you. 

Table of the quantity of wafer discharged by Anthony 1 s Creek ti» one year. 


Cnl>ic yard* 
of vratrr dis¬ 
charged per 
annum. 


Months. 


January. 
Februaiy 
March ... 


April . I 

May.... 

June. , 

July. 

August.. 

September... 

October. j 

November .. 

December. 


11 , 60,63 

40, o*-. m 
3* 45.x *3 

19.*N.W5 
4.Xfi.4e2 
7.071,« 
1 , 194,7* 
7r0,»l 
6,m«7 
21.393,00 


Total 


2I0.32&S& 


The above is the quantity of water which actually flowed down Anthony’s Creek in 
one year. 

In making my calculations of tbe supply of water from the downfall of rain, I as¬ 
sume an estimate of 40 per cent, as the quantity of rain that would be drained off into 
tbe creeks and that could be collected in reservoirs. I assume this quantity because 
it is the same as was reported by Mr. Ellet as the drainage of the valley of the Ohio, 
and by Mr. Jervis as the drainage into tbe reservoir of tbe Chenango Canal. I, how¬ 
ever, stated that tbe drainage in other localities has beeu found to be as much as 60 
per cent, of the rain that fell, and ventured the assertion, from my kuowledgeof the 
peculiar formation of the basin of Anthony’s Creek, that its drainage would amonnt to 
even more than 60 per cent. In that conclusion I am now sustained by the facts which 
have since been elicited by tbe gauges of the creek. The rain-gauges for tbe same year 
give 34.23 inches as tbe downfall of the rain, equal to about 300,000,000 cubic yards of 
rain, of which about 210,500,000 cubic yards, or 70 per cent., was drained off and dic- 
ebarg d by the creek. I observe, however, upon a comparison of tbe rain-register and 
the gauges of the creek, that the latter was sometimes very much swollen from rains not 
indicated by the rain-register, and which must, therefore, have fallen near the head¬ 
waters of the creek. That being tbe case, it is safest to assume the downfall of ram 
at wliat it has avernged for the last five years, viz, 36.3H5 inches. It is also proper to 
deduct from the auuual discharge of the creek a constant quantity equal to 365 times 
its least, daily discharge, which is about 2.000,000 cubic yards per annum, which may 
be considered as supplied by springs. This quantity being deducted, leaves the drain¬ 
age into the creek equal to 208,526,955 cubic yards. Tbe downfall of 36.386 inches gives 
318,73^,394 cubic yards of rain. The drainage is therefore 6S$ per cent, of tbe downfall 
of rain. This is a mere matter of philosophical inquiry, in noway connected with the 
supply cf the summit-level, as it is iutended in the present investigation to ignore rain 
altogether until it becomes creek-water. It is only alluded to as establishing an in¬ 
teresting meteorological fact, based on carefully-conducted experiments on a very 
large scale. 

To those persons who have heretofore been impressed with the idea that the streams 
about the summit level are nearly dry or lese themselves in immense chasms, it may 
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appear strange that so great a quantity of water should pass down Anthony’s Creek. 
To those who live upon the creek it will be nothing new. They have se»n it as I have, 
when swollen by rains, rushing through the “Narrows” with an impetuosity and volume 
almost incredible. I have myself seen it discharge In one day a sufficient quantity of 
water to dll the entire canal from Buchanan to Richmond, or 200 miles of canal 40 feet 
wide and 5 feet deep. I have also seen it wide enough, deep enough, and swift enough 
to carry seven of our largest freight-boats abreast at the rate of 54 miles au hour. 

The quantity of rain which fell last year was only 34$ inches, which is considerably 
below the average. Neither was there any remarkable freshet in the creek beyond 
that in common to it every year. We may therefore .assume the above quantity of 
210| millions cnbic yards are the average yearly supply. The question then is, is it 
enough for the wants of the canal f 

I have estimated the quantity of water necessary for the supply of the summit-level 
at 95,970,545 cnbic yards per annum ; this was supposing a boat passed the summit- 
level every six minutes in every day for 365 days, which is a very extravagant calcu¬ 
lation ; for if you allowed every boat to carry 50 tons it would make an annual tonnage 
of 4,380,000 tons. 

Cable yards. 

The quantity allowed for filtration and evaporation in the five reservoirs 


aud feeders was. 25,914,820 

Which added to... 95,970,545 

Gives. 121,885/365 

as the total quantity to he supplied. 

Anthony’s Creek yields us. 210,526,955 


We therefore have a surplus of. 88,641,590 

for contingencies. 

In the above calculation I have allowed for filtration and evaporation in five reser¬ 
voirs, which is also an extravagant amount, as we are supposing but one to be in use. 

It is an uudeniable fact, then, that Anthony’s Creek alone affords a sufficient quan¬ 
tity of water to supply the summit-level. If that were the only stre im upon which we 
had to depend there would be no obstacle to the passage of the canal over the mount¬ 
ains. But there are three other creeks, viz, Little Creek, Tuckahoe and Howard’s 
Creeks, whose united volume amounts to about one-third of Anthony’s Creek, which, 
if necessary, could be appropriated for the use of the canal. 

Anthony’s Creek being proved sufficient, the only question, then, is, can it be made 
Available at a reasonable cost f 


If a Virginia farmer has a small stream running through his plantation, and he wishes 
to erect a mill upon it, all that he does is to build a dam across the valley of the stream 
and put his mill up near it, nothing doubting that the dam will stop up the water and 
form a pond, from which the desired water-power cau be obtained. He does not em¬ 
ploy a geologist to tell him whether his pond will hold water or not. He goes ahead, 
with perfect confidence that the water can be dammed up aud made available. Toe 
James River and Kanawha Company cau go ahead with the same confidence and dam 
np Anthony’s Creek. The operation is exactly the same, only upon a large scale, and 
with the additional security that the basin of the oredc has been examined by an emi¬ 
nent geologist, who pronounces the rooks to bo in the best possible pisition to retain 
the water. After the mound is made, the creek itself will fill the reservoir, and keep 
it full, besides supplying all the demands of the canal. 

It will require a tunnel 2$ miles long to oonduct the water from the reservoir to the 
canal. This tunnel is through slate rock, aud need only be 6 feet in diameter. The 
tanneling-machine lately put into operation at the Hoosac tunnel would walk through 
it in a very short time, or, even if it had to be excavatod in the usual way, it ooald be 
done at a cost of about $300,000. The whole cost of supplying the summit-level wil 
not exceed $700,000. 

All the fancied difficulties and impossibilities of supplying the summit-level, and 
consequently of carrying the ca ml across the mou itaios, vanish into thin air before 
this array of facts. It becomes, then, a mere question of policy or expense. In that 
light the subject ceases to come within the legitimate so>pe of this report. As you 
thought proper to assign me the duty of making the survey, I considered it within my 
provinoe not only to submit the above facts, but the deductions to be drawn from 
them, and to dispel, as far as possible, the thick medium of prejudice and ignorance 
through which the subject has b^en heretofore viewed, not only by the enemies of the 
canal, hut, I believe, by some of its brst friends. 


Very respectfully, your obedient servant, 


E. Lorraine, 


Aseietant Engineer J. It. $ K . Canal. 


CM. Walter Gwynn, 

Chief Engineer J . R. K, Canal . 
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LETTER FROM THE SECRETARY OF WAR, TRANSMITTING A REPORT 
ON THE JAMES RIVER AND KANAWHA CANAL-ROUTE. 

Doc. No. 216. Ho. of Reps.; War Department; 20th Cong., 1st Sess. 

March 24, 1828.—Read and laid upon the table. 

Washington: Printed by Gales $ Seaton , 1828. 

War Department, March 24.182 a . 

Sir : In oomDliance with a resolution of the House of Representatives, of the 2d of 
January last, I have the honor to transmit herewith a letter from the Chief Engineer, 
of this date, accompanied by a report on the Janies and Kanawha canal-route. To 
save time, it has been thought necessary to transmit the original report, which report, 
it is requested, may be returned to this Department, when it shall have answered the 
purposes of the Houqe. 

I have the honor to be, very respectfully, sir, your most obedient servant, 

James Barbour. 

The Hon. Andrew Stevenson, 

Speaker of the House of Iieprestntatives. 


Engineer Department, 
Washington City , March 24, 18.8. 

Sib: I have the honor to lay before yon a letter from Capt.. W. G. McNeill, of the 
topographical engineers, accompanied by his report on the route for a canal between 
the James aud Kanawha Rivers, which report was called for by a resolution of the 
House of Representatives of the 2 1 January last. 

I have the honor to be, very re.-pectfully, your obedient servant. 

Alex. Macomb. 
Major-General , Chief Engineer. 

Hon. James Barbour, 

Secretary of War . 


Georgetown, D. C., March 24, 1828. 

Sir: I have the honor to trau*mit herewith a report on the James and Kanasrha 
Canal, in illustration of which a map is now in the course of preparation. 

All the maps and profiles relating to the experimental surveys «re already completed, 
as well as those exhibiting the locations from the James to tne Greenbrier River; the 
others, including the locations d >wa the Greeubrier aad New Rivers, are tn progress of 
completion. There are in all nearly thirty large maps, including the plan* aud profiler, 
on a scale suitable to the exhibition of details; but they are too unwi ldy to a‘com¬ 
pany the report, and are retained till they can be reduced into one general map. Most 
of the drawings in relation to the Roanoke and Kanawha Canal are nea ly finished, 
but their size renders it necessary that they, also, be reduced into a more convenient 
shape. 

' I have the honor to be, sir, with great respect, yonr obedient servant, 

Wm. G. McNeill, 

Captain United States Topographical Engineers, 

M^j. Gen. Macomb, 

Chief Engineer , Washington City. 


To Major-General Macomb, 

Chief Engineer: 

Sir: In pursuance of instructions from the board of internal improvements, of July 
29, 1826, predicated on the orders of the Chief Engineer, assigning to my brigade the 
execution of certain surveys, “ to ascertain the practicability and means of conoe-ding 
the waters of the Great Kauawha with those of the James or Roan >ke River, by canal* 
or radroadi, or both, aud also the connection of the Roanoke aud James,” I have now 
the honor to 

REPORT 

that the short interval which elapsed between the receipt of my instructions and ter¬ 
mination of the first season was consumed in preliminary operations, which merely 
related to the first object to which my instructions referred, to wit, the practicability 
of a “ connection of the Kanawha aud Janies Rivers, by means a canalthat ia 
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May, 1827, the surveys were resumed and continued till November; and that in that 
period the required location of a line of canal from Covington, on James River, to the 
foot of the Great Falls of Kanawha was effected, with that of all the works relating 
to a summit-level, such as feeders, reservoirs, &c., and the consequent location made, 
as enjoined, in the event of its practicability, of a canal from the forks of the Roanoke 
to the Great Falls of Kanawha River. 

The subject under consideration naturally advances as our first inquiry, “ the prac¬ 
ticability of a connection of the Kanawha and James Rivers, by means of a canal,” 
and, in contemplating such a connection, we are led, in the first place, to remark that 
the characters of the small tributaries which empty into the James or Greenbrier 
Rivers, (the country intermediate to those rivers being that under .consideration,) like 
those of most mountain-streams, incontrov,ertibly prove their inadequacy to the per¬ 
manent supply of a canal, and that, in consequence, the practicability of the project 
must depeud on the adequacy of the Greenbrier River for that purpose, at some poiut 
whence its waters may be conducted to a summit-level of such elevatiou that the 
dividing-ridge may be passed without encountering an excessive length of tunuel. 

To the solution of this question, then, various experimental lines were directed 
through the ravines, which, on the one side, bound the tributaries of Duulap's Creek, 
and, on the other, through those which, heading opposite to them, define the course of 
eit her Second Creek, Ho ward's Creek, or Anthony's Creek, in their progress to the Green¬ 
brier River, by which was ascertained the height of the dividing ridge in its greatest 
depressions, and a profile was carried up Greenbrier River to obtain such knowledge 
of its character as was indispensable to the judicious selection of a summit-level. 

A comparison of the elevatiou of the dividing ridge, on any route examined, with 
that of the Greenbrier River, at any point within a reasonable distance, at once dis¬ 
closes the necessity of a tunnel; and that this, with every other fact connected with 
the subject, may be knowu, I proceed to detail the results developed in the course of 
our investigations. 

As the basis of comparison in the description abont to be given, all the heights and 
distances will be referied to the bench-mark, at the mouth of Dunlap's Creek, oppo¬ 
site to the town of Covington ;* and to begin with that route which, from the near 
approach of the opposite streams, the gradual slope on either side of the dividing 
ridge, and the seemingly gn at depression of the Alleghany Mountains, might induce 
a Indief of its paramount advantages, we shall describe— 

FIRST—A ROUTE BY THE VALLEYS OF DUNLAP'S AND 8KCOND CREEKS. 


Dunlap’s Creek, or its main branch, (known as its south fork, on which are the 
famed Sweet Springs,) heads nearly on the summit of the ridge which divides it from 
Second Creek, and pursues its course at the base of Peter's Mountain, nearly parallel 
with the Alleghany Mountain, till within 6 miles of its mouth, when, having received 
the waters of Oxley's Creek, it continues in a direction in general nearly at right 
angles to its former course. Between its source and its confluence w’ith Ogley's Creek 
several small runs contribute to its supply, such as Cove Creek, Fork Rnu, and Brush 
Creek ; but they are noticed rather on account of their directions , which shall hereafter 
be alluded to, than because of any efficient aid to be derived from them toward the 
feeding of a canal. 

Dunlap’s Creek is, in general, bordered by flats varying in width from 2"0 yards to 
half a mile, although it may sometimes occur that the hills impiuge so far upon the 
stream as to render it preferable to gain an opposite flat by an aqueduct (since bottom¬ 
land is always to be found on one side or the other, aod the width of the stream never 
exceeds 35 yards) than to encounter the obstacles presented by steep side-lying ground 
in an attempt to avoid that expense. This remark, however, is applicable iu a degree 
ns well to all tbe other valleys through which experimental lines were run as to that 
of Dunlap's Creek. 

For the first 22 miles the average rise in the stream may he assumed at 25 feet per 
mile, when for the next mile the regularity of its ascent is interrupted by falls and 
rapids comprising 135 feet; thence to the summit succeeds, first, an ascent for 8 miles 
of 73 feet per mile, and, in the remaining half a mile, a rise of 105 feet; making the 
distance of the summit from tho base-mark 31 i miles, and its elevation 1,372 feet 7 
inches. 

A depression in the Alleghany Mountain west of that just alluded to induced an¬ 
other experimental line from Dunlap's to Second Creek ; bnt of this suffice it to say it 
was found still higher, being 1,408 feet above the base-mark. 

* The bench-mark at the mouth of Dunlap's Creek is 12 feet below a bench-mark 
established on the opposite side of tbe river, in 1819, by Messrs. Moore and Briggs, who 
reported the mouth of Dunlap's Creek to be 1,238 feet above tide-water. Our base- 
mark, therefore, w'hich is about 2 feet above tbe water, may be assumed to be 1,240 
feet above tide-water. 
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On descending Second Creek the slope from the snmmit to the Greenbrier River av¬ 
erages 337 feet per mile, with the exception of the first two and a half miles, in which 
the fall is 140 feet, or, in other words, the distance from the snmmit of the mount¬ 
ains to the month of Second Creek is 27 miles and the fall 967 feet, making the 
total distance from the month of Second Creek to that of Dunlap’s Creek, by their re¬ 
spective valleys, fifty-eight aud a half miles, and the Greeubrier River,* at the mouth 
of Second Creek, 406 feet above the base*mark. 

Onr present purpose, however, being merely, in the first place to show the relative 
altitudes of those depressions which suggested the different experimental lines across 
the mountain, and to compare them with the elevation of the Greenbrier River, that 
we may assume a summit-level which may command the waters of the Greenbrier 
without involving an impracticable length of tunnel, we ahaU confine ourselves to the 
few facts already stated, till, in succession, eaeb route shall have as briefly been con¬ 
sidered. 

For obvious reasons, which will appear hereafter, (see page 767,) no other experi¬ 
mental lines were run from Duulap’s to Second Creek, m»r was it deemed material, 
after a careful reconnaissance, that any tributary above Fork Run should be surveyed. 

We shall then next describe that as the 

SECOND ROUTE—BY DUNLAP’S CREEK, FORK RUN, AND HOWARD’S CREEK. 

Howard’s Creek,-the first tributary of any note to the Greenbrier River above Sec¬ 
ond Creek, at the distauce of seven miles from its month, is formed by the anion of its 
three branches, which, from their relative directions, we shall designate as the South, 
the Middle, and the North Forks. 

Tlie South Fork rises near the heads of the upper branches of Dunlap’s and Second 
Creeks, and pursues a course nearly parallel with Dunlap’s Creek till it receives the 
waters of Tuckahoe Run, a small stream which empties into it near Comb’s saw-mill. 

The first depression remarkable in the dividiug-ridge betweeu Dunlap’s Creek and the 
South Fork of Howard’s Creek is found where the Aleghauy is indented on the west 
by Tuckahoe, as it is on the east by Fork Run, an opposite tributary to Dunlap’s Creek; 
and it is through this depression that the second route is directed. That part of tne 
route between the mouth of Dunlap’s Creek aud Fork Run has already been described 
as ascendiug at the average rate of 25 feet per tn»le ; theuce to the summit of the mount¬ 
ain through the narrow valley of Fork Run (sufficiently wide, however, for a canal, 
the flats usually being from 100 to 200 feet wide) we ascend at a much more rapid 
rate, ami, in the short distauce of live miles and thirty-eight yards, rise 689 feet, mak¬ 
ing the height of the Alleghany, at the head of Fork Run, 1,092 feet, and its distance 
from the base-mark twenty-two and three-quarters miles. 

The descent on the west, by the ravine of Tuckahoe Run, is very precipitous for 1 
mile 593 yards, the fall, in that distance, being 331 feet; when, having arrived at.the 
South Fork of Howard’s Creek, the fall becomes quite gradual; the distance from the 
mouth of Tuckahoe to that ol Howard’s Creek being 10J miles, and the fall 315 feet. 

The valley of Howard’s Creek is, in general, wide, and under cultivation, and, with 
the exception of the short distance of one-eighth of a mile above Hnuter’s Mill, where 
the mountains on either side terminate iu the stream, the construction of a canal would 
encounter no particular difficulty from the nature of the ground. 

Fork Run, at the distauce of 4 miles 750 yards from its moath, branches in two direc¬ 
tions, that which we have heretofore alluded to being the southern of the two; but as 
the Alleghany, where it divides the northern branch from the MidtlleFork of Howard's 
Creek, presents another depression, through it was directed the 

THIRD ROUTE—BY DUNLAP’S CREEK, FORK RUN, TO TIIE MIDDLE FORK OF HOWARD’S 

CREEK, AND THENCE BY THE VALLEY OF HOWARD’S CREEK TO THE GRKENBKIKR 

RIVER. 


Of this ronte, although among the most promising, since, with the exception of a few 
miles, it occupies the same ground as the secoud route, but lit Lie need be said. The 
height of the dividing-ridge is greater than by the second, being 1,221 feet, and the 
access to the summit, on either side, more gradual. It does not, therefore, present as 
short a tunnel, ludeed, the ouly advantage which it possesses arises from its being 
nearer the Greeubrier River; and it will be shown hereafter how far that can place it 
in competition. 

Brush Creek, the next tributary to Dunlap’s Creek, has been enumerated among those 
whose direction claims some notice. But since the turnpike road, which pursues the 
valley of the South Fork of Ogley’s Creek to its source in the ridge, crosses that r.dge 
aud eutors the valley of Brush Creek several milds from the summit of the Alleghany, 


* Viz, the bench-mark at the mouth of Second Creek. 
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instead of running a profile from the month of Brush Creek, ft was tbonght sufficient 
to continne the profile from Ogley’s Creek in the direction of the turnpike, aud from 
the point at which it strikes Brush Creek to cross the Alleghany in the three depres¬ 
sions in which the several brauches of Brush Creek head opposite the Middle and the 
North Fork of Howard’s Creek; for it was apparent, if a tunnel should be requisite 
by either of the routes from Brush Creek, that its length, unless immoderate, w ould be 
iucluded between the intersection of the turnpike with that stream and its correspond¬ 
ing elevation west of the mountain. 

The first linefiom Brash Creek was directed through the gap occupied by the pres¬ 
ent turnpike road to the Middle Fork of Howard’s Creek. It determined the height 
of that gap to be 1,288 feet. By the second line, the height of the depression through 
which the former road was located was found to be 1,252 feet; and, by the third line 
from Brash Creek, the el«-ration of the Alleghany, in a depression between it aud the 
North Fork of Howard’s Creek, was fonnd to be 1,534 feet. It will be seen, on the 
assumption of a summit-level, that by no route from Brash Creek could the passage of 
the Alleghany be effected by as short a tunnel as will be found on other routes. 

Ogley’s Creek, the last tributary to Dunlap’s Creek of any importance, alone remains 
to be spoken of. We have already incidentally mentioned, in describing the routes by 
Brash Creek, that its southern fork heads in a ridge between it aud Brush Creek ; but 
all hough the height of that ridge (it being 1,143 feet abovethe base-mark and 2tH) feet 
above its western base) would, of course, necessitate a longer tunnel from the South 
Fork of Ogley’s Creek thau from Brush Creek, aud would, in consequence, oppose itself 
successfully to the location of a canal, yet, since the shortest route from the James to 
the Greenbrier River wonld be in the direction of the present turnpike road, iu refei- 
ence to the selection of the best- route for a railroad, (an ulterior object contemplated 
by my instructions,) the valley of the South Fork of Ogley’s Creek merits more consid¬ 
eration than if a cat al alone were the subject of onr investigations. 

The valley of Ogley’s Creek is not, either in quality of iis 6oil or the natnre of the 
rocks in its vicinity, particularly distinguished by any peculiar characteristics; for 
3 miles from its month it affords a considerable quantity of vich productive land on the 
northern side, to which the fiats me almost exclusively confined; and beyond that, as 
w e approach the mountain by its South Fork, we find the valley contracted to a width 
of hut from 50 to 100 yards. 

The Middle Fork of Ogley’s Creek, however, is the main branch, and it.presents a 
wider valley throughout its course Mian that of the South Fork, with which it unites 9 
miles from the base-mark, and230 feet above it. Its direction corresponds nearly with 
that of the North Fork of Howard’s Creek, and is such as to bring it nearer to Authouy’s 
Creek than any other of the eastern tributaries ; which fact rendered its examination 
the more important because of the advantages which would result from the proximity 
of a summit-level on Authouy’s Creek to the source whence the supply of w'ater is to 
be derived. 

A profile was, therefore, continued throughout the whole length of the Middle Fork 
of Ogl©y T » Creek, and thence down Authouy’s Creek, with the intent to learn, as well 
if any depression existed between Ogley’s aud the North Fork of Howard’s Creek, as 
the difficulties opposed to the route of a canal in the valley of Anthony’s Creek. Of 
the one or two experiments made from the Middle Fork of Ogley’s Creek to the North 
Fork of How ard’s Creek, it is sufficient to state that although carried no great distance 
from the former, they conclusively proved that the height aud width of the mountain 
between those streams reudered their connection impracticab’e. 

The elevation of the Alleghany, where it divides the Middle Fork of Ogley’s from 
the nearest bead branch of Anthony’s Greek, is 1,772 feet, and the distance to that point, 
from the base-mark 20 miles and 1,100 yards; the descent theuce to the base-mark at 
the mouth of Anthony’s Creek (5 feet above the stream) was found to be 1,212 feet, and 
the distanoe 184 miles; hence the Greenbrier River at the month of Anthony’s Creek 
is 555 feet above the base mark. 


The profile from Ogley’s Creek to the month of Anthony’s Creek descended for 14 
miles a mere ravine, which bounds the small tributary known as Laurel Ruo ; but 
thence to withiu 6 miles of the month of Anthony’s Creek, duriug which, from the 
accession from tributaries, its snpply has become considerable, we in general find the 
stream bordered by fertile bottoms, under cultivation, from one-quarter to a half mile 
in width. Nor is it nutil it breaks through the Greenbrier Mountain (when the flat# 
disappear) that either its descent is so rapid or its valley so contracted as to qualify 
it advantageously for the purposes of a reservoir. 

It is only necessary now to add that a profile was carried np the North Fork of Ogley’s 
Creek, till having risen 841 feet above the base-mark, we were satisfied of the inutility 


of proceeding farther, (since its source was known to be as elevated and more distant 
from Anthony’s Creek than that of Middle Folk,) and it will be apparent, from an in¬ 
spection of the map that no depression can exist in the ridge dividing the waters of 
Dunlap’s Creek from those which flow into the Greenbrier River, which has not been 
sufficiently examiued to enable us to determine the best route for the passage of the 
Alleghany—abstracting such considerations as relate to the supply of water. 
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These consideration* now snggest as the subject of our next Inquiry the chancier 
of the Greenbrier River, whose relative position to the different routes, or comparative 
supply at d ffereut elevations, is to be so influential in determining the proper eleva¬ 
tion to the summit level. 

The survey and level of Greenbrier River were commenced at a base-mark at the 
month of Howard’s Creek, (5,935 feet above the then surface of the water,) and con- 
tinned for 39 miles up the river, in which distance the ascent was found to lie 318 feet, 
or the point at which we stopped is 770 feet above the base-mark. Anthony’s Creek and 
Spring Creek are the only tributaries of ranch consequence intermediate to Howard's 
Creek and the 44 Droop Mountain,” near which latter point the survey of Greenbrier 
River was discontinued, and, therefore, it was with less surpr.se we observed that the 
supply of water did not diminish very materially in our progress np the river, or that, 
on the contrary, it seemed to vary but little when, in passing over ledges, its whole 
volume could be estimated. For, as an exception to the apparent uniformity of its 
supply, it is to be remarked that, at times, the stream almost disappears among the 
loose stones and Assures of its bed, and that, in one case where a vein of limestone 
traverses its valley, all tlie water is passed through a subterraneous channel for the 
distance of a mile nearly. This, however, occurs but once, (iu the twenty-third mile 
from Howard’s Creek,) and then only in very low stages of the water. 

Greenbrier River pursues a very sinuous course through a valley unusually con¬ 
tracted, when viewed with reference to the site of the stream, aud, with some parti*! 
exceptions only, we And it, throughout the extent at preseut under consideration, bor¬ 
dered by high and rugged hills which descend steeply to the water’s edge. There are, 
it is true, narrow strips of alluvial ou one or the other side, but they are never contin¬ 
uous for any considerable distance, nor of such value as t> merit consideration when 
their submersion shall be the consequence of such dams as might be desired for the 
format ion of reservoirs. 

The couutry west of Greenbrier River, although hilly, affords rich and arable lands; 
east of the river it is mountaiuous, and in general but illy-adapted to agricultural 
purposes. But, for a more minute description of the quality of .tho soil, vegetable 
and mineral productions, &c., and of the character of the country above Droop 
Mountain, resort may be hud to the report of Lieutenant Dillahuuty, which is appended 
to this report, 

A refeieuce to the proAle of the river will show that the general and average ri» 
of 7.6 feet per mile for 31 miles above Howard’s Creek is but seldom interrupted; 
and that beyond that, or as we approach Droop Mountain, the average rise of the 
Greenbrier is al>out 10 feet per mile. The heights to which freshets rise above the 
ordinaiy bed of tie stream vary, of course, with the slope and t ndth of the valley. 
Traces of such as are known to be of freqneut occurrence, at almost all seasons of the 
year, were perceived 6 aud 8 feet above lbw-water mark, and indications were re¬ 
marked of freshets having sometimes attained the height of 16 'feet in the brooded 
parts of the river. The iuAueuce of but comparatively slight rains is very perceptible 
in the Aoods which succeed; aud from their frequency aud the magnitude of the 
volume which passes at such times, we have ample assurance that the most extensive 
reservoirs (for the formation of which the valley of Greenbrier is so admirably adapted) 
could be replenished as often as might be necessary. 

To revert, however, to the relative elevation of the Greenbrier River, aud of the 
Alleghany Mountains, in the different depressions heretofore recited, we readily per¬ 
ceive that the supply from Greenbrier, on which, as was premised, the practicability of 
the project rests, cannot be commanded within a reasonable distance without resorting 
to a tunnel; for the greatest depression iu the Alleghauy Mountains being 1,092.75f«t 
above the base-mark, while the elevation of Greenbrier River 39 mil-s above Howird’s 
Creek is but 770.7 feet, at an average rise of 10 feet iu the Greenbrier, beyond the 
point to which it was leveled, an elevation corresponding to that of the most deprea-cd 

I ioiut of the Alleghany would not be attained in less thau 71 miles from the mouth of 
loward’s Greek, aud supposing the spur which projects from the Alleghany, between the vain 
of Howard's and Anthony's creeks, (p. 768,) sometimes called the “ Greeubrier Mountain.* 
(see map of experimental surveys,) to be passed without winding around its extremity 
near the mouth of Howard’s Creek, the length of a feeder from the summit-level oooM 
not be much, if any, less than would be the distance from the mouth of Howard's 
Creek to the assumed elevation of the summit-level on the Greenbrier. 

Besides, the ruggedness and steepness of the hills bordering the Greenbrier may be 
said to be almost in proportion to the elevation above the stream at which we encooa- 
tered them; and on that account it would be desirable to run the feeder as low as poe* 
sible, adding to these considerations the fears which might reasonably be entertained 
of the inadequacy of the Greeubrier to supply the losses of so long a feeder as would be 
required to pass the Alleghauy without a tuunel, and the necessity of a tunnel woald 
seem to be obvious. 

This conclusion leads ns to compare the lengths of tannels at different elevations; 
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which, limiting tbe depth of catting at which the tunnels are supposed to commence 
and terminate at 35 feet, are now exhibited in tbe following table: 


TABLE. 


£ 

c 

£ 

c 

t 

6 

— ■ - -- — — - ■ *- 

Designation of route. 

s © 

B 

* © 

© > 

.S 9 

ill 

111 

5' 

«!§ 

•2 « 

(*. to 

J- 2 

o 

c 

© 

► 

Z 

c 

AS 

u 

c 

© 

•4 

a 

a 

o 

* 

5 

J3 

Ui 

Ji 

a 6 

©.5 

Length of tunnel. 



Feet 

MiUs 

Yards. 

MiUs. 

Yards. 

MiUs. 

Yards. 

1 

From Dunlap's Creek to Second Creek . 

750 

1 

2*3 

0 

1,173 

10 

867 

2 

From Dunlap’s Creek by Fork Run to south 









fork of Howard’s Creek. 

750 

0 

400 

0 

547 

2 

210 

3 

From Dunlap's Creek by Fork Run to mid- 









die fork of Howard’s Creek. 

750 

0 

4C0 

0 

1,000 

3 

800 

4 

From Dunlap’s Creek by middle fork of 









Ogley’t* Creek to Anthony's Creek. 

750 

0 

727 

2 

943 

4 

883 

5 

From Dunlap's Creek by Ogley’s to tbe north 









fork of Howard’s Creek. 

750 

0 

3e3 

0 

1,285 

5 

1,523 

6 

From Dunlap’s Creek by Ogley's Creek to 





1 




the middle fork of Howard’s Creek. 

750 

0 

383 

0 

1, 000 

6 

783 

1 


700 

1 

2*3 

0 

1,217 

11 


2 


700 

0 

430 

0 

1,017 

3 

333 

3 


700 

0 

430 

0 

901 

4 

317 

4 


700 

0 

717 

3 

! 500 

5 

1,716 

5 


700 

0 

300 

0 

860 

6 

1,187 

6 


700 : 

0 

300 

0 

* 901 

6 

1,500 

1 


650 | 

0 

440 

0 

1,550 

11 

933 

o 


650 

0 

350 

J 

73 

4 


3 


650 

0 

350 

0 

1 1,013 

5 

150 

4 


650 

0 

684 

1 

793 

9 

773 

5 


650 

0 

30 

0 

1,320 

7 

760 

6 


650 

0 

30 

0 

' 1,013 

7 

547 

1 

_ ... 

600 

0 

293 

0 

1 1,650 

11 

1,277 

2 

4 

600 

0 

407 

1 

, 064 

5 

600 

3 


600 

0 

407 

1 

I 190 

5 

1,217 

4 


600 

0 

660 

1 

427 

10 

1,067 

5 


600 

0 

283 

1 

! 156 

8 

720 

6 


600 

1 

0 

283 

1 

1 190 

8 

383 


By reference to the foregoing table, i r is at onco perceived that within the assumed 
elevations of a summit-level a shorter tunnel would be requisite to pass the Alleghany 
Mountain by the second or third routes than by either of the others; and it will also be 
seen that the length of tnnuel increases very rapidly on either of those routes as we 
desceud below 700 feet, while at any greater elevation the diminished length of tunnel 
does not constitute a sufficient advantage to compensate for the increased lockage, the 
greater length of feeder, or to induce us to forego the advantages of a reservoir on the 
Greenbrier in its passage through the Droop Mountain, when the fall of the river is 
known to be greatest, and its valley so contracted that the least area in proportion to 
the contents of the reservoir would be exposed to the influence of evaporation. 

We therefore assumed a summit-level at the elevation of 700 feet above the base- 
mark, and from i's western end on the second route a line of feeder was traced at 
an inclination of 6 inches per mile to Its intersection with the Greenbrier River. 

This line from the relative positions of the routes of course passed them all, (except 
No. 1, which was abandoned because of its excessive length of tuunel, # ) and enables 
us to determine very nearly the lenth of feeder for any route. 

Deferring at this time the more detailed account of the difficulties opposed to a 
feeder in its progress from the Greenbrier River to the summit-level of the second 
route—which as yet is conspicuous for its artvantnges over the other routes—it may 

# To recur to the reasons why but one experiment was made from Dunlap’s to Sec¬ 
ond Creek. Tbe great length of tunnel by the first route could not be diminished by 
any route to Second Creek, for the mouth of Cove Creek (the next tributary to 
Dunlap’s Creek above Fork Rpr) is 600 feet above the base-mark, and the rise in Cove 
Creek being greater than in Dunlap’s Creek we should, by a route through Cove Creek, 
have to commence tunneling at even a greater distance from Second Creek than by the 
first route. Indeed, a route from Dunlap’s to Second Creek would be impracticable at 
any rate, in consequence of its distance from Greenbrier River and of the character of 
the intermediate country, (p. 764.) 
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suffice our present purpose to state that the spur which was spoken of (page 766) as 
projecting from the Alleghany to the mouth of Howard’s Creek, or which lies between 
Howard’s Creek and the Greenbrier River, constitutes a great objection to every route 
but the fourth. 

So circuitous a route for the feeder as that aroynd the extremity of the spur might, 
and probably would, involve such losses in its course as to be fatal to the practica¬ 
bility of the project, while the alternative of parsing the spur in the direction indi¬ 
cated by the near approach of two opposite tributaries to tho north fork of Howard's 
Creek on the one side, and to Anthony's Creek on the other, however it may dimmish 
the chance of au inadequate supply of water, or may assure us of a probable super¬ 
abundance, is fraught with difficulty. 

The greatest depression in the ridge intermediate-to Howard’s and Anthony's Creeks 
is at the sonrces of the two tribut ries just alluded to, through which it bad been 
hoped the feeder might reach the valley of Anthony’s Creek by an opeu cut, or a tun¬ 
nel of moderate length. But it was fouud to be 1,0% feet above the base-mark, and 
the slope on either side is so gradual, that limiting the cuts to 35 feet depth, a tuuoel of 
6 miles and 1,020 yards will be required, (p. 772.) ^ 

Were the summit-level 50 feet or eveu 100 feet higher than has been assumed, still 
tbe length of tnunel, to pass this ridge, would lie, in the one case, 4 miles and 290 
yards, and in the other, 3 tulles and 533 yards. But the considerations which hereto¬ 
fore induced us to limit the elevatiou of the summit level to 700 feet cannot safely be 
waived; aud therefore, in selecting the lmatiou for a feeder, the disadvantages of a 
tnunel of 4 miles and 1,020 yards, by oue route, are to be weighed with the uncertain¬ 
ties attending the very greatly-incr ased length by the other. 

In comparing the d tfcreut routes for a canal, however, and the practicability of each, 
we shall eon hue our vi« w to the shorter route for the feeder, aud ou that supposition the 
following table comprises ibeir principal characteristics: 



Note.—T be last column develops the length of the feeder as actually traced, but it became apparent 
on plotting the work that judicious deviations from tbe dm trace would reduce the longest loederte 
about 33| miles, and the others in proportion. 


The shorter tunnel reqnired by the second ronte, to pass the Alleghany Mountain, is 
decisive of its preference over any route but the fourth, which, being nearer the Green¬ 
brier River, aud alone exempt from tbe difficulties which atteud a feeder to any muh- 
niit-level beyond Anthony's Creek, we shall compare more clwely with the second 
route. 

The fourth route is Ilf mile?, ths longer of the two; and the length of its tunnel 
through the Alleghauy exceeds that of the second route by 2 miles 1,483 yards; while, 
by the fourth route, we avoid 12 miles of feeder, which includes a tunuelof 4 miles and 
1,620 yards. 

Now, the cost of constructing 12 miles of feeder, even with a tunnel of 4 miles and 
1,620 yards, certainly, I think, would be less than the cost of 2 miles 1,483 yards oF a 
tunnel of such dimensions as would be adapted to the navigation of canal-boats; and, 
to say nothing of the cost of Ilf miles of canal, on the score of comparative expense, 
the second route would be preferable to the fourth. If, therefore, it shall appear 
that, notwithstanding its greater length of feeder, an adequate supply may be de¬ 
pended on, since tbe accomplishment of the same objects would result from tbe ad >p- 
tion of either route, tbe dillerence of expense iu favor of the second ronte will be con¬ 
sulted conclusive of its preference. 

Without entering into a recapitulation of all the calculations to be found in Lieu¬ 
tenant Diilabuuty's report, relative to the supply of water, we shall, as concisely as 
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may be, state tbe results which have, in our view, established the practicability of the 
project under consideration. 

From a careful and repeated ganging, at intervals daring two successive years, of the 
streams on which we rely, we find that their minimum supply was as follows, viz : 


. Cnbio feet 
per second. 

Greenbrier River. 43.3 

Anthony’s Creek... 11.6 

Dunlap’s Creek. 9.3 

Howard’s Creek..*._ 6. 83 


Besides which, a reservoir may be formed on tbe Greenbrier River, above tbe com¬ 
mencement of the feeder, to the summit-level, by a dam 50 feet high, which shall con¬ 
tain 13,060,584.9 cubic yards. 

To compute the sufficiency of this supply, let the same suopositions apply to this 
route as were adopted by the United States board of internal improvements with regard 
to the proposed Ohio and Chesapeake CAnal. 

They have assumed au interruption of the navigation during the winter season, 
which, from the elevation of the summit-level, 1.903 feet above the ocean, they sup¬ 
pose to iuclnde the four mouths of December, Jauuary, February, and March. The 
summit-level of the proposed Janies and Kanawha Canal, it is true, is farther south, 
but it is equally elevated, (1,940 feet above the oceau,) and I have not perceived any 
essential-difference in tbe climate. 

During such a suspension of the navigation, if we only adopt 67.6 cubic feet per 
second as tho mean discharge of the Greenbrier, (whereas we believe that to be much 
less than the mean discharge during the summer mouths,) it will be found that the 
reservoir would be fflled twice, or ouce in about two months; and if we add to this 
view' a computation of the supply we may reasonably expect from rains, the replenish¬ 
ing of the reservoir will not only seem certain, but the superabundance from that 
source alone will appear more than ample to repair all losses attributable to the reser¬ 
voir at d feeder, from the influence of evaporation, absorption, &c. 

From au inspection of the map of Virginia, aud onr own kuowledg© of the extent 
of country drained by that part of Greenbrier River above the reservoir, we know that 
tbe snui of the lengths of the streams exceeds by far 110 miles; and that au average of 
the widths of their valleys is more than half a mile. But if we assume that au area of 
but 55 square miles is drained by the npper part of Greeubrier aud its tributaries, and 
calculate ou no greater annuaf fall of rain in the elevated region in which it is situ¬ 
ated than was observed to be the least quantity which fell in the vicinity of Baltimore 
in any one year daring a period of eight years, we fiud that an area of but 55 square 


miles would receive during— 

Cable yards. 

The fall and winter.. 78,880,384 

The spring and summer.59,117,696 

The whole year. 137,998,080 


From which, to continne the reasoning of the board, it is seen—1st, that two-thirds 
of the first quantity, or 52,586,9*29 cubic yards, is more than, four times as mnch as will 
be necessary to fill the reservoir in four months; and 2d, that 59,117,696 cubic yards, 
or the second quantity, is equivalent to upward of 100 cubic feet (102.63) per second, 
during six months, aud might be deemed the mean discharge during the spriug and 
summer months, instead of 67.6 cubic feet, which we have assumed for the medn sup¬ 
ply of the winter months. That the truth of thu last deduction may be less doubtful, 
it is to be remarked that if we have apparently lost sight of the nitrations and evap¬ 
orations of rain-water, 55 square miles is by no means equal to the whole extent of 
couutry drained above the reservoir; that the usual quautity of rain is much greater 
than has been assumed; and that our own observations would lead us to believe the 
mean supply of Greenbrier River during tbe summer months to be more than 100 cubic 
feet per second. 

However, to forego further speculation, and to return to the supply of water on 
which, by the most unfavorable supposition, we may rely—omitting at this time the 
supply from Dunlap’s Creek andHoward’s Creek, which is taken in below tbe summit- 
level—we have a reservoir with au area of 2,508,333 square yards, whose prism of 
available water is 13,060,584 cubic yards; 43.3 cubic feet per second from Greenbrier 
River, and 11.6 cubic feet per second from Anthony’s Creek; or, a total supply from 
Greenbrier and Anthony’s Creek of 54.9 cubic feet per Becond—say 55 cubic feet. 

This quantity is to meet the losses of a feeder 33} miles long, to supply the lockage 
of the oanal, and tbe losses by filtratiou aud evaporation of the summit-level, aud tbe 
portions of canal on either side of it, which, together, iuclude about 112 miles—besides 
makiug up such deficiency as may arise from tbe inadequacy of Dunlap’s Creek, to 
snpply about 172 miles of canal; aud of the Howard’s Creek, to meet the losses of but 
4 miles of canal. 

49 £ 
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We impute no loss to tbe reservoir from filtration and evaporation, both because we 
are assured that the mean discharge from Greenbrier River, beyond what we have 
assumed to be the minimum, renders such an allowance unnecessary, and because the 
shape of the valley will admit the raising of the dam to any height to add to the res¬ 
ervoir a sufficient quantity to overbalance it. 

We may Calculate, then, on a monthly supply of 1,632,573.1 cubic yards from the 
reservoir, 5,168,888.08 cubic yards from Greenbrier River and Anthony’s Creek,or 
6,801,461.18 cubic yards for the total monthly snpply. From this quantity, however, 
we must deduct, to obtain that available at the summit-level, the losses of the feeder 
in its course from Greenbrier River. With an area for its transverse section of 10 
square yards, and a length of 33f # miles, the feeder will contain 592,535 cubic yards, 
and we w ill make the extravagant supposition that it may lose the whole of its prism 
every 15 days, or 1,185,070 cubic yards per month. Deducting this qnantity from the 
total monthly snpply, there will remain 5,616,391.18 cubic yards, which is thus com¬ 
pared with the remaining requisitions dependent on it. 

Waiving a particnlar recital of the arrangement of the trade, we will suppose it 
limited to 100 boats per day; that the boats pass the locks alternately, and that, con¬ 
sequently, no boat would of necessity expend more than one lock-fnll of water in its 
passage to the summit-level. But, as a prudent provision for contingencies, let it be 
assumed that each boat will require a lock-fnll and a half, or, the locks being of tbe 
same dimensions as were proposed for the Ohio and Chesapeake Canal, 623 cubic 
yards. The monthly allowance for lockage, then, if 3,000 boats should pass the sum¬ 
mit-level, will be 1,869,000 cubic yards, which, taken from 5,616,391.18 cubic yards, 
(the available supply after deducting the losses of tbe feeder,) leaves 3,747,391.18 
cubic yards. If this residue were all that we could command to snpply the canal in 
its whole course from the mouth of Dunlap’s Creek to the mouth of Howard’s Creek, 
a distance of about: 3^ miles, whereas not quite half that distance is dependent on it, 
it would abundantly meet all tbe losses of the canal from absorption, filtration, and 
evaporation. 

But let ns add to this residue but 5 cnbio feet per second for the snpply from Don- 
lap’s Creek—but little more than half the minimum snpply we have ever known it to 
yield—and 6 cubic feet per second from Howard’s Creek, and we shall realize an acces¬ 
sion to onr monthly snpply of 1,056,000 cubic yards, or we shall have 143,384.8 cubic 
yards per month per mile to secure the canal from its losses by evaporation, absorp¬ 
tion, and filtration, an allowance eqnivaleut to nearly 90 cubic feet (89.6) per mile per 
minute, t 

The relative situations of the Cheat and Greenbrier Rivers, with the opportunity of 
forming a succession of reservoirs in the valley of the latter, suggest additional secur¬ 
ity against any probable failure in the snpply of water; hut it is needless to amplify 
a discussion already so far extended that the most cautious may not cavil at the con¬ 
clusion that a canal from the James to the Kanawha River, by the valleys of Dunlap’s 
and Howard’s Creeks, is demonstrably practicable. 

To the determination of this question, I have before remarked, all the preliminary 
operations of the first season were exclusively directed; and, so far, we have been con¬ 
fined entirely to the results afforded by the experimental survey. But, pursuant to my 
instructions, that, “for the practical works, the surveys must be performed in such a 
manner as to afford the route itself of the work, with all tbe circumstances of tbe 
ground which have a bearing upon excavation, embankment, crossings by aqueducts 
and cnlvcrts, dams, &c.,” when, iu May, 1827, the surveys were resumed, tbe precise 
location of a line of canal from the respective heads of boat-navigation on the James 
and Kanawha Rivers was the next object which occupied my brigade. 

The location of that portion of canal between Covington and tbe mouth of How¬ 
ard’s Creek with that of all the works connected with the summit-level, such as feed¬ 
ers, reservoirs, Ate., was constituted one object, and its accomplishment assigned to 
Lieutenants Cook and Fessenden. The continuation of the canal through the valleys 
of Greenbrier and Great Kanawha Rivers, from the mouth of Howard's Creek to the 
foot of the Great Falls, with all the considerations incident to tbe project, another 
object, the accomplishment of which was intrusted to Lieutenants Hazzard ami 
Thompson. 

The reports of Lieutenants Cook and Hazzard, which are hereto append* d, with the 
different maps and profiles relating to the route, will ’fully exhibit the details whieh 1 


* See table, page 768. 

tThe United States Board of Internal Improvements, in their report of October 23, 
1826, on the Ohio and Chesapeake Canal, (page 54,) admits the sufficiency of 120.001* 
cubic yards per mile per mouth as an allownnce for absorption, evaporation, and filtra¬ 
tion. And Dr. William Howard, United States civil engineer, iu his w report on the 
survey of a canal irom the Potomac to Baltimore,” remarks that“l£ cubic feet per 
second per mile appears a far more ample allowance than will be needed for the lock¬ 
age, evaporation, and filtration of a canal placed iu favorable circumstances for retain¬ 
ing water.” 
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may omit to mention,"snch as the length of each level, the lift of each lock, the trail** 
verse as well as lougitudiual slope of r.he ground, including the works, the nature of 
the soil, rocks, &c., the height of the freshets. It will remain to me, however, to pre¬ 
sent a connected and more general view of the whole route. 

To facilitate a perspicuous arrangement of the subject, let the first section extend 
from the James to the Greenbrier River; the second section include that portion of the 
canal along the Greenbrier; and the third section that portion between the mouth of 
Greenbrier aud its termination at the foot of the Great Falls of Kanawha. 

First section .—The minuter surveys incident to the locations included iu this section, 
while they test the accuracy of the experimental surveys, develop results somewhat 
different. The elevation of the summit-level, for instance, was established at 694 feeli 
instead of 700 feet as heretofore assumed, and the depth of cutting at either end of the 
tunnel through the Alleghauy was extended to 50 feet, instead of 35 feet, to which, iu 
comparing the lengths of tunnels by the different rontes, we had limited it. The rea¬ 
sons for changing the elevation of the summit-level are not, perhaps, important, but 
the depth of cutting was extended to 50 feet because it was found that the tunnel 
would be materially shortened; illustrative of which fact I would add, that on the 
western side alone, the length of the tunnel is diminished 533 yards by extending the 
cut to the depth of 50 feet. 

Dividing this section into three parts, the first subdivision will comprise the summit- 
level and h 11 the works belonging to it. Tne length of the summit-level is 4 miles 789 
yards, which distance includes a short basin of 98 yards in the valley of Fork Run; a 
deep cot at the eastern end of the tnnuei of 458 yards; a tunnel through the Alle¬ 
ghany of 2 miles and 1,120 yards; a cut at. the western end of the tunnel of 1 mile 177 
yards, and a basin from the termination of the latter cut, which extends 696 yards. 

The profile of the ridge immediately over the tunnel indicates freqnent great de¬ 
pressions, where it crosses the ravines of the head branches of Fork Run and Tuckahoe, 
although between those depressions the ridge sometimes attains a very great height 
above the summit-level. But the necessity, and to what extent, of siukiug shafts in 
the construction of the tunnel, where those depressions do not exist, will be better 
seen by designating their position iu the followiug tabular form: 


1 

2 

3 

4 

5 

6 

7 

8 
ft 

10 

11 


Number of depressions. 


Distance fiom the 
end of the deep 
cut. at the east¬ 
ern end of the 
tunnel. 

Height of depree- 
siou above the 
summit-level. 

Greatest height of 
intermediate 
ground. 

Distance from each 
depression to the 
one preceding. 

Miles. 

Yards. 

Feet 

Feet 

Yards. 

0 

500 

160 

245 

500 

0 

740 

166 

203 

240 

0 

953 

126 

249 

213 

0 

1,1*3 

ISO 

230 

230 

0 

1, 516 

300 

374 

333 

1 

353 

276 

578 

597 

1 

773 

458 

5*0 

420 

1 

1,017 

515 

605 

244 

1 

1, 677 

205 

706 

660 

2 

500 

130 

368 

583 

2 

1,120 

50 

I 

384 

620 

End of 
tunnel. 


In relation to the probable formation of the ridge through which the tunnel would 
pass, of course we cannot speak with any certainty ; but appearances at and near the 
surface iu the vicinity would incline us to expect the interposition of compact sand¬ 
stone the greater part of the distance. The cutting at either end of the tunnel, it is 
thought, will prove as favorable for its depth as could reasonably be expected any¬ 
where; it will probably consist principally of an argillaoeons slate aud sandstone of 
slaty structure, intermixed with a soil (nearer the surface) of sand and clay. 

Feeder from the Greenbrier River to the summit-level .—The location of this work does 
not vary materially from that pnrsued by the experimental surveys. Its length has 
been diminished to 31 miles 130 yards, but it still involves a tunnel of 5 miles aud 200 
yards. The same formation will doubtless be encountered by this tunnel as by that 
ihrongh the Alleghany Mountain; and the cutting, at either end of the tuonel, will he 
similar to what is expected in the deep cuts of the summit-level. 

The height of the ridge above the surface of the water in the feeder, at different 
points from the beginning to the end of tae tunnel, is shown in the following table: 
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Number of depressions. 
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100 

Feet. 

262 
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1,190 
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1 

690 

153 

199 

3. 

1 

1.006 

^204 

253 

316 

4. 

1 

1,374 

211 

351 

368 

5. 

2 

409 

298 

547 

795 

n. 

2 

799 

373 

424 

390 

7. 

2 

1,066 

419 

550 

267 

8. 

2 

1,426 

3^ 

604 

3 m 


2 

1,622 

482 

529 

m 

10. „. 

3 

52 

513 

599 

in 

11..... 

3 

362 

772 

804 

310 

1* . 

3 

675 

718 

799 

313 



888 

733 

747 

213 

14 . 

4 

15 

703 

929 

8p7 

15 . 

4 

155 

712 

777 

140 

i« . ; . 

4 

433 | 

852 

898 

280 

17 . ... 

4 

735 

897 

954 

S9S 

18 . 

4 

1,235 

585f 

Deecend- 

( 500 

19 . 

5 

200 

35, 

j i“K. 

} 725 


Tbe tunnel liegins and ends where the cutting is about 35 feet deep. 

It will have been observed that the height of the ridge above the tnnnel far exceeds 
the height of the depression spoken of, (page 768,) and the observation leads to the inquiry 
if it might not he better to give the tunnel the direction of those valleys which head ia 
that depression, instead of a perfectly straight direction throngh the ridge. In that 
event the greatest height of the ridge above the tuunel need not exceed 300 feet, and 
tbe protile a ill show that on both sides the ground rapidly falls to within 150 feet above 
the tnnnel. 

We could conform to the direction of the opposite valleys, and continne tbe tnnnel 
straight, or very nearly so, till it reached the valley at Anthony’s Creek, when one turn 
would be necessary. Its length, nnder those circumstances, wonld be 5 miles and 050 
yards, or it would be hut 750 yards longer than if it were perfectly straight. I am. 
however, rather inclined to think it fortunate that such appalling difficulties as would 
obstract the progress of a straight tuunel can so easily be diminished than to hesitate 
in recommending the longer tunnel because of its increased length ; and I would there¬ 
fore add, for the whole length of the feeder, the difference between the lengths of the 
two tunnels, to 31 miles 200 yards. 

Lieutenant Cook’s report will furnish every other fact connected with the feeder from 
Greenbrier River, or relative to the reservoir on tha r j river. The feeder from Anthony's_ 
Crick he has omitted to mention intersects the main feeder in the 11th mile from the 
summit-level; it is one mile and 1,509 yards long, and passes dowu tbe right shore of 
Anthony’s Creek without any difficulty. The dimensions of the dam at the head of this 
feeder are shown on the map. 

8KCOND SUBDIVISION. 

This extends from tbe eastern end of the summit-level to the James River, opposite 
the town of CoviDgton, and includes 19 miles and 73 yards of canal, and 692 feet of lock¬ 
age, to the surface of a basin suitable to tbe reception of the canal-boats. 

For the first 2 miles and 1,072 yards from the summit-level, or that included in the 
valley of Fork Run, we unavoidably fall 264 feet; preserving, however, with some ex¬ 
ceptions, in which resort is had to contiguous locks, a succession of short levels, con¬ 
nected by locks of 8 feet lift. 

The descent from tbe first to the second level, and from tbe seventh to the eighth 
level, was effected by two contiguous locks; while the third and fourth levels are 
united by five, and the tenth and eleventh levels by four, contiguous locks. 

The actual descent of the valley in positions where it was essential to conform as 
much as possible to that descent to avoid rocky and precipitons slopes, which would 
else have been encountered, or, iu other cases, expensive And deep embaukments over 
broad and deep ravines—iu fine, a regard to the varions circumstances of the ground— 
sometimes recommended a combination of locks in preference to a succession of levels. 
Even with snch a disposition as whs made of the looks, the canal down the valley of 
Fork Run passes along a very steep slope, varying from 12° to ’J^ 0 , till within about 
f of a mila of Dunlap's; Creek, when it occupies a flat. 
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For tbe remainder of this subdivision (16 miles and 761 yards) or that in the valley 
of Dunlap’s Creek, the canal wa9 located under much more favorable circumstances, 
the fall being much less in a given distance and the.valley much wider. As I have re¬ 
marked in another part of this report, bottom-lands always present themselves on one 
or the other side; aud although these alternate with bluffs and occasional cliffs, which 
have more than once induced us to cross the stream, neitaer the lengths nor heights of 
the aqueducts would be such as to render them very expensive. It may be satisfac¬ 
tory, however, to observe that, whatever difficulty may have presented itself on one 
Bide, tbe creek has never been crossed till, from an actual experiment on both sides, it 
seemed proper to do so; and the field-notes may therefore be referred to for tbe precise 
motives which determined the location adopted for the canal. 

From the mouth of Fork Knn to its termination opposite Covington the canal is 
divided into 50 levels, connected with each other, as heretofore, by locks of 8 feet lift, 
except in three instances, where tbe descent is made by two contiguous locks. Tbe 
descent from the last level to tbe busiu proposed at the end of the taual is effeoted by 
a lock of 12 feet lift. 

The excavation along Dunlap’s Creek will, in general, be of the easiest kind, through 
bottoms or along hill-sides of sand aud clay, sometimes mixed with argillaceous slate. • 
The Itottoms are uniformly con»posed of a vegetable mold about a foot thick, resting 
on a bed of clay. I^im stone is found in the valley of Dunlap’s Creek, opposite tbe 
canal, near Crow’s tavern, and in several other places; but it was not observed to in¬ 
tersect our line ; in fact, we have little apprehensiou that the canal would experience 
more than the ordinary losses incident to Similar works favorably situated for retain¬ 
ing water. 

Provision was made for the introduction into the canal of the snpply afforded by 
Dunlap’s Creek ; it is to be very easily effected by a short feeder of but 610 yards’ 
length, from a dam barely high enough to divert tbe'course of the stream. The situa¬ 
tion of the dam is not far below the mouth of Fork Run, and the level into which the 
supply is introduced is 2 miles and 1,718 yards from the summit-level. 

THIRD SUBDIVISION. 

This comprises a succession of short levels, connected by single locks of the uniform 
lift of 8 feet, and extends from tbe western end of the summit-level through tbe valley 
of Howard’s Creek to the left bank of Greenbrier River. It includes a distauce of 8 
miles and 155 yards and a descent of 216 feet. 

It is unnecessary, however, to dwell upon this subdivision ; it presents no difficulty 
deserving of particnlar comment, and all its features are sufficiently developed on the 
map. Tne supply from Howard’s Creek, if at all needed, may, perhaps, with most 
facility, be brought into the sixteenth level, which begins jnst below a very rapid 
part of tbe creek. A feeder of but 333 yards’ length, with a dam 20 yards long and 7 
feet high, would be sufficieut. 

A review of the first section of the canal affords the following summary of some of 
its principal features 


: 

Distance. 

No. of 
locks. 

Ascent. 

Descent. 

James River to summit-level.. 

Miles. 

19 

4 

8 

Yards. \ 
•73 
789 1 
155 

86 

Feet. 

692 

Feet. 

Hiimtnit-level. 


Summit-level to Greenbrier River. 

87 


216 

Total. 


31 

1,017 113 

692 

216 



Feeders. 

Length. 

From Greenbrier River to snmmit-level . 

From Anthony's Cieek to main feeder..... 

Miles. 

31 

1 

Yards. 

130 

1.509 

610 

233 

From Dunlap’s Creek to twenty-seventh level of canal____ 

From Howard's Creek to sixteenth level of canal.;.. 


Total length of feeders. 


33 

682 


I have omitted to advert to the diminished contents of the reservoir on Greenbrier 
River resulting from Lieutenant Cook’s selection of the site fora dam, (see his report, 
page 787.) because no doubts as to the adequacy of the supply have arisen from 
that circumstance. For it will be perceived that, by increasing the height of the dam 
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to 60 feet, we can reserve 14,000,000 cable yards, instead of 13,0G0,5S4, on which latter 
quantity onr former reasoning was predicated, and which, it has been shown, would 
leave a superabundance beyond all the wants of the canal. 

Second section .—The first section terminating but 33 feet above low-water mark, 
vis, the surface of canal, it is thought advisable to prolong that level across the rarer; 
for the height to which freshets sometimes rise might else endanger the security of the 
aqueduct. 

The length of the aqneduct under those circumstances would be 167 yards, at the 
end of which wedesceud by two locks, of feet lift each, to what Lieutenant Hazard 
terms his first, level. An 'additional supply of water may with great ease be intro¬ 
duced into the canal on either side of the river, even at the elevation of the aquednet, 
A feeder on the left shore of but 1,260 yards in length, from a dam 13 feet high and 103 
yards long, would effect the object. But I think it to be preferred that the new supply 
be admitted just beyond the aqueduct, from which to a dam of even less elevations 
shorter feeder along the right shore would answer equally well. 

Arrived at the first level beyond the aqueduct, the location of this section was coo- 
tinned, under various circumstances, to its termination at the mouth of Greenbrier 
River. The cliffs which impinge upon the stream, and which at times the canal un¬ 
avoidably encounters, may rather 1 ms considered exceptions to the otherwise gepprally 
favorable nature of the ground, than as characterizing this section as at all remark¬ 
able for the extent of the obstacles to its easy execution. 

Its length is 49 miles and 151 yardB, which distauce is subdivided into 36 levels, (the 
aqueduct being included,) united by locks of the uuiform lift of 8 feet, excepting the 
two locks of feet lif fc at the end of the aqneduct across the Greenbrier. The canal 
therefore descends 297 feet in its progress to New River.* 

The only tributary streams of any consequence crossed by this section of canal are 
Mill Creek, Muddy Creek, and Hunger's Creek; the first requiring an aqueduct 10»* 
feet long and 17| teet high, and the two or hers aqueducts of but 50 feet leugth and 
17^ feet height. It does not appear advisable to introduce either of them iuto the 
canal; for every facility exists for obtaining an abnndant supply from the river,to 
which we must necessarily resort. Suitable sites for daius acioss Greenbrier very fre¬ 
quently occur, but tbeir position and dimensions will readily be seen on reference to 
the maps. 

On the left, or ea«t side, as we descend below Howard's Creek, the namber and mag¬ 
nitude of the tributary streams are also so limited, that we are led to ascribe the in¬ 
creased size of Greenbrier River, observable in its progress to New River, rather to the 
existence of numerous springs which rise within or near its be 1 than to contributions 
from more distant sources; Second Creek, perhaps, being the only stream 1‘roui the left 
wbicb materially itdds to the volume of the river. 

Third section. —This extends 67 miles and 779 yards, and includes a total descent of 
762 feet to the surface of a natural basin below the Great Falls of Kanawha River,aod 
it is the peculiar character of a portion of the valley included in this section which 
wonld present the most appalling difficulties to the construction of a canal. 

For 45 miles, or to Bowyer's Ferry, obstacles, such as are almost coutinnous between 
Bowyer's Feriy and the Gauley River, are confined to but a comparatively small por¬ 
tion of the distance, but below Bowyeris Ferry it wonld be only at great expense tbit 
the canal could be protected against the impetuosity of a curreut almost resistless dar¬ 
ing the swollen stages of the river. 

This is exemplified in the fact that freshets sometimes attain the great height of $ 
and even 50 feet in some places, within whose utmost reach there could be no wearily 
to the durability of any work, and from the nature of the intermediate space between 
low-water mark and the cliffs, which rise nearly perpendicularly for several hundred 
feet; for notwithstanding, even below Bowyeris Ferry, there is generally room enough 
for the canal between low-water mark and the cliffs, and that the interval may never 
be wholly overflowed, it is occupied by mssses of bnge rocks exhibiting a surface 
almost too irregular to be defined. These rocks, however, may be converted into* 
kind of bench, on which the canal could be snstained beyond the reach of freshets, and 
eventually might facilitate i:s construction; but the necessity of high and extensive 
walling would still exist, and the total absence of any suitable material for puddling 
the caual wonld be irremediable except at the cost and trouble of procuring it from a 
distance, uuless, indeed, clay of a proper consistency be obtained near the verge of the 
cliffs, when this latter Bource of expense may be very tnncli diminished from (bees* 
with which it might be deposited at convenient intervals along the line. 

The rocks at the foot of the cliffs have eveiy appearance of having at someperwd 
been precipitated from different points of the cliffs, and, although ages may have «u« 
elapsed, it must be obvious that it would be impossible to secure any work at the base 
of the cliffs against the desti active effects of a similar occurrence. It is uot cod- 

*The Great Kanawha River is more familiarly known as New River above its cento* 
ence with the Gauley River. 
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oeived, however, that; much importance is doe to this suggestion, since there is little 
probability that such masses as those alluded to would in future be detached, unless 
by some extraordinary convulsion of nature beyond what we have reason to anticipate. 

Above BowyeFs Ferry the valley is much wider, and, although the canal would fre¬ 
quently occupy steep slopes,such difficulties as exist below are not to be apprehended 
either from the heights of freshets or the perpendicularity of the banks. No trace was 
perceived of the water ever having riseu -more than thirteen feet above its ordinary 
channel until within a few miles of BowyeFs Ferry, and, with the exception of a few 
places designated by Lieutenant Hansard as requiring walling to protect the canal, 
there is comparatively but little difficulty in sustaining the line beyond the reach of 
freshets. 

The tributaries to New River, between Greenbrier and the Gauley Rivers, are few 
and unimportant; and the Great Falls of Kanawha, two miles below the Gauley, des¬ 
ignates as well the commencement of an entirely different country from that above as 
the termination of our ideal section. 

Tug Falls, Buffalo Falls, Richmond Falls, and the Great Falls, with an almost con¬ 
tinuous rapid, when perpendicular falls do not occur—in all, constituting a spectacle 
the sublimity of which can scaroely be surpassed—characterize New River below its 
confluence with the Greenbrier as an impetuous and almost resistless torrent. And 
the general aspect of both sides of the river, with the wild features of its valley, cau 
offer few temptations to the intrusion of civilized man. Bat the Great Kanawha ma¬ 
jestically pursues its placid course throngh a rich and fertile valley, and is said to 
present but few obstructions to a perfect navigation from the falls to the Ohio River. 

The geuerul structure of the country below Greenbrier River is based on sandstone 
(gray and red) or a compact limestone, and coal of an excellent quality exists, in ex¬ 
haustless quantities, from Sewell Mountain westward. 

Having now sufficiently reviewed the several seotions in detail, the following sum¬ 
mary of the whole route will conclude the subject which has heretofore occupied us: 

SUMMARY. 



Distance. 

1 

Lockage. 

Jameo River to the Greenbrier River... 

Mile*. 

31 

49 

67 

Yard*. 

1,017 

151 

779 

In feet 
908 
297 
76* 

Thenoe to New River. 

Thence to the frnvH below the Great Falls...... 

Total.. 

146 

187 

1,967 



ROANOKK AND KANAWI1A CANAL. 


On completing the surveys relating to a canal from James River to the Great Ka¬ 
nawha, those having reference to other objects enumerated in my instructions were 
Immediately undertaken; and although a detailed report on the Roanoke and Ka¬ 
nawha Canal is unavoidably postponed till the drawings illustrative of the su rvey 
shall be more advanced, a brief summary of the more important facts may, at this time, 
be satisfactory, as it will suffice to show the great facility with which those riveis may 
be united. 

The experimental surveys, which extended along the Alleghany Mountain, from the 
southern source of one of the branches of the North Fork of Roanoke, beyond Christ- 
iansburg on the north, to the South Fork of Elliot’s Creek on the south, indicate the 
existence of frequent great depressions in the dividing ridge, or rather a general de¬ 
pression of the Alleghany Mountain, in its course between the waters of the Roanoke 
and those which, flowing westward, empty into Little River. 

But the point which imposingly presents itself as offering superior advantages for 
the passage of the Allegheny by a canal is at the sources of the North Fork of Elliot’s 
Creek, a tributary to the South Fork of Roanoke, and “ Green Head Branch ” of Meadow 
Creek, a tributary to Little River. 

An abundant supply of water might be obtained from Little River, even were our 
summit-level of the same elevation as that of the very top of the mountain, in the 
depression alluded to; but apprised of that fact from the results of our experimental 
surveys, sufficient considerations recommended, notwithstanding, a location of the 
oanal in the following manner: 

The summit-level commences on the east side with a cut, whioh in 1,320 yards attains 
its greatest depth of 30 feet, (above the surface of the caual,) and terminating on the 
west side 144 yards beyond the end of the cut, includes, iu all, 1,464 yards. 

The caual then descends, through the valley of Meadow Creek, to Little River, and 
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thence along Little River to New River, under circumstances as favorable as might be 
expected, no difficulties occurring worthy of comment at this time; the distance from 
the summit-lev el to the latter point beiug 10 miles 769 yards, and the fall feet* 
From the mouth of Little River it is prolonged on the right bank of New River to its 
intersection with the James and Kanawha Canal; and to the mouth of Qreenbrier, for 
most of the distance, the canal occupies very favorable ground through extensive flats 
which border on the river. 

These flats, however, are not continuous, and frequently, for short distances, we mm! 
encounter cliffs which impinge upon the streams; bat, with the remark that the dif¬ 
ference is rather in favor of the valley of New River, we shall not create an erroneoai 
impression if we refer to the location down the Greenbrier as the standard by which 
we may judge of that between Greenbrier and the mouth of Little River. 

Returning to the summit-level, the descent on the eastern side, until we arrive within 
half a mile of,the main valley of the North Fork of Elliot’s Creek, is such as to neoe- 
sitate a succession of short levels, and the canal falls, by locks of 8 feet lift, 1*20 feet 
in but 1 mile 485'yards; the next 11 miles 115 yards bring us to the mouth of Elliot’s 
Cn-ek, and comprise 62 le' els and a descent of 496 feet; whence, through the wide sod 
fertile valley of the South Fork of the Roanoke, the location extended to the forks, 
where the tie Id-operations of the brigade terminated for the season. 

The distance from the month of El'iot’s Creek to the termination of the canal, near 
the forks of the Roanoke, is 9 miles 1,3*20 yards, and the fall 200 feet.t The canal, there¬ 
fore, from the month of tbe Greenbrier River to the latter point, inc'udes an ascent of 
657.7 feet, in a distance of 94 tulles 106 yards, (the distauoe from the Greenbrier to the 
mouth of Little River being £3 miles and 1,097 yards, and tbe rise 369.7 feet,) a sum¬ 
mit-level of 1,464 yaids, and a descent in 22 miles aud 100 yards of 816 feet; or the 
total distance is 116 miles aud 1,730 yards, and the lockage 1,473.7 feet. 

SUPPLY OP WATER. 

It is the great facility with which this is obtained that so distinctly characterize* 
the connection in view as oue so very feasible in.its execution. Little River, on which 
tbe summit-level is dependent, was found to yield at its lowest stage nearly 100 cubic 
bet per second, when its supply can be commanded by a feeder but 9 miles and 1,*25 
yards long. 

Pilot Mountain, however, which lies between Little River and the summit-level, 
preserves such an elevated character, that the feeder can only pas* it by a tunnel of 1 
mile and 290 yards’ leugtb. We might, indeed, wind along tbe slope of tbe mountain, 
but it would so very greatly iucrease tbe length of the feeder, that there can be no 
hesitation in preferring a tonne). In other respects, the construction of the feeder 
would be attended with little difficulty. 

The supply from Little River alone would be ample to all the wants of tbe canal 
from New River to the forks of the Roanoke; but a reference to the report of Lieuten- 
aut Fessendeu, which exhibits tbe discharge of the two branches of tbe Roanoke, of 
Elliott’s Creek, of Meadow Creek, and the increased size of Little River, in its progns* 
to its mouth, will show the abundance of its other resources. 

Of the practicability, therefore, and comparative ease with which the Roanoke may 
l>e united to the Kanawha by means of a canal, the brief statement of facts which we 
hove given will have been sufficient to dispel all doubt, and, on that conviction, we 
might forego all further discussion of the subject, but that a lew other remarks natu¬ 
rally suggest themselves as neither uninteresting nor entirely irrelative. 

If the counectiou be regarded merely as an avenue for the trade'of the Ohio Valley, 
its importance in that light may doubtless, at some future day, elioit tbe effort tp 
overcome those obstacles between Bowyer’s Ferry and the Great Falls, which couiti- 
tute almost the sole impediment to its comparatively easy execution. But should the 
magnitude of these obstacles be considered sufficient forever to discourage the enter¬ 
prise of a nation, the importance of the connection, although diminished, is yet con¬ 
spicuous. New River, for perhaps 100 miles above the mouth of Little River, it is said, 
traverses a country rich in mineral and agricultural products, aud its navigation nay 
prove easily susceptible of great improvement, while the direction of Reed Creek,* 
tributary of New River, above its confluence with Little River, is particularly spoken 
of as promising facilities for effectuating a connection with the Middle Fork of tbe 
Holstein. 

Of this I cannot speak from personal observation, nor from information entirely au¬ 
thentic, yet the concurient opinions of individuals acquainted with the country would 


* The bench at tbe mouth of Little River, on the right bank, is 290 feet below the 
summit-level, aud 16 feet above low-water mark. 

tThe hench-inaik near the mill at the forks of tbe Roanoke is 831 feet below th* 
summit-level. 
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seem to warrant a belief in the practicability of a canal from New River to the Hoi 
steiu; and the relative situation of the Tennessee and Alabama Rivers, ns delineated 
on every map, renders it by no means improbable that they, also, might be united. 
Thus it is possible, and I might even say within the scope of probability, that a canal 
from the Roanoke to the Kanawba may at some future day be regarded but as the last 
link in a chain of inland communication from the Gulf of Mexico to the Chesapeake. 

From “a dne investigation of the hydrography and topography of the country,” it 
is certain that u no other routes” than those which have been described possess similar 
advantages for nnitiug either the James or Roanoke River with the Kanawha by means 
of a canal. 

The country between Knapp’s Crtek, a branch of the Greenbrier, and Back Creek, a 
tributary to Jackson’s River, aud between Craig’s Creek and Staking Creek, opposite 
tributaries to Jackson’s and New Rivers, was said to atford some facilities for a canal 
from the James to the Kanawha River, and was, in consequence, reconnoitered. But it 
)s apparent that no route in either of those directions cau present any claim to further 
examination, (see Lieutenant Dillahunty’s report, page 800,) and the conclnsion is 
equally obvious, from our pre?ent knowledge of the country, that the James River 
cannot be united by a canal wirh the waters of the Great Kanawba by any route below 
The valley of Dunlap’s Creek, unless, indeed, as is highly probable, a canal from James 
River through the valley of Catawba Creek be fouud practicable to the R »auoke. 

The examination, however, of the country intermediate to the Roanoke and James 
Rivers, with reference to a canal or railroad, is oue of those objects enumerated in my 
instructions which ns yet, from tho want of lime, have been omitted. 

Of the practicability of a railroad from the James or Roanoke River to the Great 
Falls of Kanawha there cannot reinnin a doubt; and the surveys which have been 
made of the intermediate country will, in general, furnish ample means for deciding 
on the most proper routes. A single glance at the topography precludes all hesitation 
in selecting, for a railroad from James River, some one of the routes surveyed tor a 
canal in preference to a more direct route over the high and nuiuerons ridges whieh 
intervene between the Greenbrier and Gauley Rivers. 

To be more explicit, however, with such deviations only as would result from the 
different characters of the two works, the route which has been adopted for a canal as 
far as the mouth of Muddy Creek would be pursued for a railroad. A doubt is sug¬ 
gested as to the best direction for continuing the route beyond that point only because 
it is possible that a route through the valley of Muddy Creek and across to Meadow 
River, a tributary to the Gauley (from the circumstance of there being but one ridge 
betweeu Muddy Creek and Meadow River) may be found to possesi advantages which 
may bring it in competition with a route through the valleys of Greenbrier and 
Kanawha Rivers. 

But supposing it to pursue the same route as the canal, as is thought most probable, 
the length of a railroad from Covington to ihe Great Falls of Kanawha wonld be about 
148 miles, with a rise and fall of 2,763 feet, on the supposition of passing the Alleghany 
without a tunnel. 

The surveys from the Roanoke do not altogether determine the best route for a rail¬ 
road to New River, beyond which it would, of course, continue down the valley. But 
the discovery that the Alleghany is uearly as low at one of the sources of the North 
Fork of the Roanoke near CbristianRhurg as on the route proposed for the caual, with 
the fact of the direction of the Norih Fork being such as to afford a shorter route than 
c.ue up the valley of the South Fork, makes it more than probable that a railroad from 
the Roanoke would cross the Alleghany in the viciuity oi Christiansburg. 

However, whatever may be the deviation from our location of the canals by the sub¬ 
stitution of railroads iu their stead, they cannot be so material as to interfere with 
those general considerations which may determine, from what has now been stated, 
the comparative merits of railroads and canals as the means of uniting the James or 
Roanoke River with the Great Kanawha. 

Haviug now briefly adverted to the operations of my brigade subsequent to the com¬ 
pletion of the surveys relating to a canal from the James to the Kanawha River, in 
concluding this report I may be permitted to advert to the oauses which have delayed 
its completion beyond the period at which the Department may have had reason to 
expect it. A report simply on the James and Kanawha Canal coaid have been pre¬ 
sented at the coinmeuceuieut of the present sessiou of Congress bnt for circumstances 
entirely unforeseen. I allude to the experimental surveys in relation to the Baltimore 
and Ohio Railroad, which were undertaken, with the assistance of my brigade, as late 
as the latter part of November and continued through a considerable portion of the 
inclemency of winter, when heretofore it has, in all oases, occurred that the maps and 
profiles illustrative of the operations of the summer-season have immediately succeeded 
our return to wiuter-qnarters; and since the completion of those experimental surveys 
I have, from an impression that it would be more satisfactory to present an equally 
detailed report ou both the James and Kanawha and Roanoke and Kanawba Canals 
alternately, employed myself, till within a few days only, on the former subject and on 
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a report on tbe Baltimore and Ohio Railroad, awaiting a.more advanced state of the 
drawings to collate the facts essential to an eqnally detailed report on the Roanoke sod 
Kanawha Canal. Time has not sufficed, however, to execute fully my intentions. 
Which is most respectfully submitted by, sir, your very obedient servant, 

Wm. G. McNeill, 

Captain United Staten Topographical Engineert. 

Topographical Office, 

Georgetown , March 24, 1828. 


APPENDIX. 

CONTAINING REPORTS FROM LIEUTENANTS COOK AND HAZZARD, ILLUSTRATIVE OF THE 

LOCATION OK THE JAMES AND KANAWHA CANAL, WITH REPORTS FROM LUCUTK3A5TI 

DILLAIIUNTY AND FESSENDEN ON THE SUPPLY OF WATER. 

Georgetown, D. C., March 10, 182 a 

Sir: I herewith submit to yon the results of those operations which, in compliance 
with your instructions of May 3, 1«27, occupied the party under my command notil 
those instructions were fulfilled. They relate to the location of a line of canal from 
Coviugtou, on Jackson's River, to tbe Greenbrier River, by tbe route designated in yooi 
instructions to me, as well as the location of every work cohnected with it, such a* 
feeders, reservoirs, dams, &c. 

Dividing tbe liue of canal into three parts, of which the first includes the summit- 
level, the second the portion east of it, and the third the descent to the Greeubrier 
River, 1 proceed to enumerate the details of each subdivision. 

FIRST SUBDIVISION. 

This includes a tunnel of 2 miles and 1,120 yards, two cuts of 60 feet each in depth 
and two basins; together constituting the summit-level, which comprises 4 miles and 
769 yards. Its elevation is 094 feet above tbe base-mark Further details in relation 
to this subdivision are omitted, because they have already been furnished you. 

SECOND SUBDIVISION. 

To avoid the constant repetition of facts which so frequently recur, a table has been 
formed to present at one view the details belonging to each level of this subdivision. 
To render it entirely intelligible, by the first level is meant that to which we descend 
from the summit-level by tbe first lock; tbe namber of locks uniting adjaceot levels 
refer to the nniuber between each level and tbe one preceding; the leugth of the level 
is made to include the space occupied by the locks uuiting it with the adjacent level. 
The length aud height of acqneuucts and culverts are in feet, length of walling in 
yards, and tbe height in feet above tbe bottom of tbe stream which it rests io. 
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From the foregoing table it may seem that some objectionable featnres attend the 
location of the canal, such as the occurrence of contiguous locks in live places, the 
crossing of Fork Ron and Dunlap’s Creek by aqueducts, and the deep cuttings in the 
sixty-second level. The reasons which influence me In each instance will therefore he 
detailed. The levels along Fork Run, from the descent of its valley, necessarily had 
to be very short. The length of the first level was greater than could have been the 
Average by single locks, and, to avoid contiguous locks, on that account alone we 
should have terminated it. But a single lock would have brought the next level in 
contact with unfavorable ground, necessitating either a circuitous route around a 
ravine or an embankment across it; and, to diminish the difficulty, we descended at 
once by two locks. 

At the end of the third level the same reasons for five contiguous locks obtained, but 
to a greater degree; the ground was exceedingly steep at the elevation at which we 
were above the stream, and a wider and deeper ravine was before us. 

The seventh level was teiminated by two contiguous locks, that the eighth level 
might occupy the most favorable ground, and the tenth level was terminated by four 
contiguous locks to avoid a high and precipitous cliff of sandstoue. 

Thus far the left, shore was the preferable one, but thence to the month of Fork Run 
the right was decidedly better, because of the frequent occurrence on the left shore of 
steep and rocky ground. We therefore, on arriving at the end of the tenth level, 
descended, in order to cro>s as soon as possible; and to do so with the shortest and 
lowest aqueduct, we resorted to two locks. In the valley of Dunlap’s Creek the 
descent from an upper to a lower level is only in three places effected by two contigu- 
ons locks. In the first two cases it was to shot ten the distance to avoid very steep 
ground and to take advantage of very favorable flats. In the last case it was to dimin¬ 
ish the height of walling necessary to pass the cliff, which occurs iu the seventy-first 
level. 

The reasons for crossing Fork Rnn in the nineteenth level have been already given 
in the second instance near the mouth. It was crossed to save the distance to a favor¬ 
able point for crossing Dunlap’s Creek above the mouth of Fork Run, to say nothing 
of the ground on the left shore of Dunlap’s Creek beiug decidedly preferable to that 
on the right for nearly 2 miles. 

Dunlap’s Creek was then crossed, because the expense of crossing Brush Creek, Lick 
Creek, and sundry smaller runs which enter on the left, would, iu itself, have been 
more than the expense of crossiug and eveu recrossing Dunlap’s Creek; and, besides, 
the ground on the right for more than 5 miles was known to be much better than that 
on the left. 

The caual subsequently crosses Dunlap’s Creek four times in its progress to the mouth 
of the creek. The high and extensive cliffs which occur on the right shore between 
the fifth and seventh miles, it was thought., entitled the left shore to the preference 
during that distance; but the eutrance of Ogley’s Creek just below the fifth mile, and 
the continuance of very steep and rocky ground oo the left, again renders it expedient 
to gain tbp right, shore. 

The last two crossings of the creek are incurred rather than wind around the bend 
of the stream, on the right of which there is a deep ravine, and very hteep and rouky 
ground: and as, agreeably to your instructions, the canal was, if practicable, to follow 
nearly the direction of the turnpike beyond that, bend, one crossing, to avoid the rocky 
ground alluded to, necessitated another to conform to your instructions, since it was 
fonud practicable and altogether more expedient to follow the direction of the turn¬ 
pike than the very circuitous course of the creek. In evidence of this fact the alterna¬ 
tive, which is preferred, of crossing in the depression through which the turnpike is 
located, instead of following the valley of Dunlap’s Creek, saves one thousand anil 
thirty-three yards of nanal along very unfavorable grouud; at the expense, however, 
of the deep cut in the sixty-second level. 

As to the termination of this subdivision, you remark in your instructions to me, 
“ Since it may reasonably be expected that, if ever a canal be made across the Alle¬ 
ghany Mountains to James River by the route to be surveyed, it would be continued 
down the river, or the navigation of the river would be so far improved as to admit 
the passage of boats snch as would be adap ed to the canal, you will, to provide for 
either contingency, so couclude your survey on reaching James River that the length 
and height of an aqueduct .to reach Covington may be determined, (as in the event of a 
continuation of the canal it is through that town that the chief engineer of Virginia has 
recommended its location,) besides s locating it that in the event of its termination 
oo this side, and the improvement of the navigation of the river by locks and dams, 
the lockage, &c., may be drawn to a basin on such a level as would be formed by the 
construction of a dam of some moderate elevation.” 

The location exhibited by the profile of the caual refers to the latter supposition, and 
the descent from the last level to the surface of a basin formed by a dam 8 feet high, 
two hundred and seventeen yards below the mouth of Dunlap’s Creek, is supposed to 
bo ©fleeted by a lock of 12 feet lift. The length of the dam is 300 feet. 
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On the supposition of an aqueduct to cross to the town of Covington, in order to 
admit the requisite thickness to ths arches and be beyond the reach of freshets, 
(which rise from 5 to 10 feet,) the seventy-first level should be continued across the 
river; the length of that level would be one mile and eight hundred and thirty-five 
yards, including an aqueduct 300 feet long and 21 feet high, counting from the bottom 
of the stream. 

The heights of freshets in Dunlap’s Creek vary, of oonrse, with the fall and width of 
the stream, but they may be said to rise from 5 to 7 feet at most. The general depth of 
the stream is so trilling that only the low-water mark has been represented on the 
profile; the height of aqnednots, walling, &c. v is, however, odnnted from the bottom 
of the stream. 

On reaching the valley of Dunlap’s Creek, those cous ; derations obtained which you 
directed iu reference to the introduction of a supply of water from Dunlap’s Creek 
without the risk of inundation from freshets,” the canal was dropped “s> as to 
require but a short feeder from a suitable site for a dam of moderate elevation.” The 
section of a dam on an enlarged scale is given ou the map ; the length of the feeder is 
but 610 yards. 

THIRD SUBDIVISION. 

From the western end of the summit-level to bench-mark on the Greenbrier River. 
To this subdivision there is a table annexed, to comprehend precisely such facts as are 
contained in the table connected with the second subdivision. 
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The foregoing table, with the map and profile, showing the location, renders it 
unnecessary to dwell long on this subdivision. 

The reasons for first crossing the creek when it had been determined to cross the 
Greenbrier River from the right bank of Howard’s Creek were simply because the dis¬ 
tance was diminished and more favorable ground obtained on the left side; aod had 
we not considered these and remained on the right shore our line would have bean 
obliged to cross the Middle and North Forks of Howard’s Creek. 

In the ninth and tenth levels the canal four times crossed a channel occupied by a 
part of the stream in time of freshets, but the stream may easily be confined to the 
main channel by a short dike, and therefore it was not considered an objection to the 
location. 

We rccrossed the creek in the tenth level for similar reasons; that is, to shorten the 
distance, Ac., because, as we just now observed, the Greenbrier was to be crossed above 
the mouth of Howard’s Creek. 

In the eighteenth level we unavoidably cross the turnpike, and it may be as well to 
remark that the transverse slope along the nineteenth level, although represented very 
steep, is terminated by a flat not more than about fifteen feet above the canal; and 
the cutting represented at the end of the level is the height of a point of bottom-land 
which we cross because of the precipitous slope of the ground near the creek. 

The walling is nowhere very considerable, and where it, has occurred it was una¬ 
voidable. 

In general, it may be remarked that the canal occupies very favorable ground 
throughout this snbdivision. 

On arriving at the bench-mark designated as the termination of this subdivision, 
and which is 3 feet below the bottom of the canal at the last level, a feeder was ran up 
the river on the supposition that an additional supply of water might be required. 
This it was found can be accomplished by a feeder 1/260 yards long through the mow 
favorable cutting, and a dam across the Greenbrier of 108 yards in leugth and 13 feet 
bigb. 

The feeder intended to introduce a supply from Greenbrier River into the canal was 
located from the western end of the sum in it-level, at an inclination of 6 inches per 
mile, until it intersects the Greenbrier River, or, rather, until a dam 5 feet high wm 
required to turn the water into the feeder. The length of the feeder, by the route sur¬ 
veyed, is 31 miles 130 yards, but as it includes a tunnel of 5 miles and 200 yards through 
the spur of the Alleghany Mountain, which divides Howard’s from Anthony’s Creek, 
our reasons for not snrveyiug the route, also, around that spur, as you directed, will 
be given. 

We shall divide the feeder into such portions that the first and third will include 
the parts which would be common to both routes; and the secoud portion, including 
the tuunel, will then compare directly with that part around the spur, from the end of 
the first to the beginning of the third part. 

The first section pursues a level along pretty favorable ground, with the exception 
of two or three places where deep cuti for sbort distances must be encountered fro* 
tbe summit-level to within but a short distance of the tunnel, aod iucludes 4 miles 
and 396 yards. 

The second section continnes on a level bnt 100 yards, when 1,497 yards are occupied 
by tbe two cuts, which are supposed to terminate at 35 feet depth at either end of the 
tunnel; that is, the ent on the southern side is 1,187 yards long, the tunnel 5 miles 200 
yards, and the uortberu cut 310 yards long; the remainder of this section extendi but 
740 yards farther to the aqueduct over Anthony’s Creek; making the length of the 
secoud section 6 miles 747 yards. 

Now, suppose, instead of tunneling through this spur of tbe mountain, we follow the 
level, and see wbat objections there are to this location. 

From the end of the first sectiou, the level was continued with the intention to pur¬ 
sue it until we shonld arrive, as we did by the route through the spur, at the first 
favorable point for crossing Autbouy’s Creek ; but an experiment of but 10 miles over 
wbat we knew was a fair specimen of the remainder induced us to suppose that, had 
you been present, you would have considered it, as we did, useless to proceed farther. 
The spur is indented on both sides by innumerable ravines, bounding the small branches 
tributary to Howard’s Creek or the Greenbrier River; and, as a proof of the great 
variation from anytbirg like a tolerably direct course neccssitateu by those ravines, 
while, by*be route of the feeder, following the proper level or inclination, the distance 
is 10 miles, between the same points, by the road through the valley, the distance is 
but 5 miles. 

We know, by former surveys of last year throngh the valleys of Howard’s Creek, 
the Greenbrier River, and Anthony’s Creek, from the poiut where we terminated onr 
experiment to the poiut at which we should be obliged to ascend Anthony’s Creek to 
cross it, the distance could not be bss than 21 miles. But these 21 miles pass over 
ground no more favorable than was that which we had fonnd to double the distance 
beyond wbat, by tbe same staudard, without an actual location, we should have consid- 
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©red it. We might, therefore, with little risk of magnifying the length of feeder 
by this route, add at least one-third to the 21 miles, and thus make the saving of dis¬ 
tance by the tunnel 32 miles. This excessive length, however, would not alone have 
deterred ns; but, knowing as we did that almost throughout these 32 miles the feeder 
would pass over very steep ground, varying from 2.V-* to 45°, we concluded the losses 
of such a feeder, so situated, would certainly leave a supply altoget her inadequate to 
the wants of the canal; or, in fact, we concluded the other was the only practicable 
route. It was this conclnsiou which determined us to improve the means at our dis¬ 
posal in the execntiou of surveys which it was kuown to be desirable, if possible, to 
finish before the close of the season. 

The third section inclndes the remainder of the feeder. It begins with the aqnednct 
across Anthony’s Creek, which is 40 fe-t high and 120 yards long. Different experi¬ 
ments were mode to ascertain the most favorable place for crossing this creek at a less 
elevation above its bed. Ia one case, with an aqnedncR of 32 feet high and 170 yards 
long, it increases the length of the feeder 1 mile; and in another, still higher up, with 
an aqueduct 20 feet high aud 133 yards loug, the distauce was increased to 3 miles 342 
yards. The site at last adopted was that at the point lowest down the creek, being the 
best that could be found. 

At 487 yards beyond the aqnednct we arrive at the end of the eleventh mile from 
the summit-level, and all that relates to the remaining part of the feeder will be found 
contained in the following table: 

50 E 
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A reference to the foregoing table shows, as the most unfavorable featnre of that 
part of the feeder between Anthony’s Creek and its termination, the steep slope along 
which it necessarily is located ; nor did it seem but that this difficulty would be rather 
increased thau diminished by keeping a higher level. The two tunnels which occur in 
the r.U’h and 17th miles are particularly recommended, iii preference to the circnitous 
course we should pursue in following the level around those points through which we 
tuunel. For, omitl ing any cutting at either end of those tunnels in the one case, while 
the distance through is but 21 yards, the distance around is 2 miles 1,000 yard|, over 
very n>cky and precipitous ground ; aud, in the second case, the tunnel is bnt 100 yards, 
and the distance around 1 mile 738 yards, over very unfavorable ..round. It will be 
seen that liuiestoue is but very seldom crossed by the feeder; generally speaking, a com- % 
pact sandstone is fouud; rock-excavation will occur in bnt few places; loose ricks, 
however, are along a great part of the line, beneath which there is a clayey and grav¬ 
elly soil. When walling is mentioned, it is supposed necessary on account of the per- 
pe dieular cliffs; it, however, may prove better to blast the rock iu such places, so as 
to obtain sufficient width for the feeder without walling. 

The dimensions of a dam sufficiently high to turn the wa+er into the feeder will be 
seen better from the map; its greatest height—for it crosses an island—is ft feet, aud its 
length is 120 yards, including 30 yards for the width of the island. The position of 
the dam for the reservoir to be formed was chosen 285 yards above the low dam just 
spoken of, where the valley is very narrow and the sides composed of rock. It might 
be raised to almost any height, and the relative leugths of darns of 30,50, €0, aud 70 
feet high are as follows, (referred to on p. 773): 

Dam 30 feet high; length at bottom, 70 yards; ditto at top, 132 yards. 

Dam 50 feet high; length at bottom, 70 yards; ditto at top, 195 yards. 

Dam 00feet higo; length at bottom, 70 yards; dit o at top.212 yards. 

Dam 70 feet high ; length at bottom, 70 yards; ditto at top, 228 yards. 

The area and prism of each are given below : 

Dam 30 feet high; area, 023.155 square yards; prism, 2,596,638 cubic yards. 

Dam 50 feet high ; area, 1,278,400 square yards; prism, 8,578,148 cubic yards. 

Dam 60 feet high; area, 1,737,162 square yards; prism, 14,000,000 cubic yards. 

Dam 70 feet high; area, 2,191,046 square yards; prism, 21,000.000 cubic yards. 

The site of the dam selected the first year, in making the experimental surveys, was 
higher up the river, (720 feet above the base-mirk,) but it would overflow a much 
greater area iu proportiou to the cubic contents of the reservoir. 

In every case, however, where there was occasion for the discretionary exercise of 
judgment in the execution of the duties assigned to Lieutenant Fessenden aud myself, 
the alternative to the coarse adopted by us was never rejected without our concurrent 
opiuiou that its comparative advantages could not bring it hereafter in competition. 

A report of the other objects (the railroad from Covington to the Greeubrier River, 
and the connection of the Roanoke and Kanawha) which subsequently occupied the 
party under me is delayed until the drawings shall be more advanced. 

I am, sir, very respectfully, your obedient servant, 

William Cook, 

Lieutenant United States Artillery , on Topographical Duty . 

Capt. Wm. G. McNeill, 

United Slates Topugi'aphical Engineers , Georgetown , D. C . 


. Georgetown, March 20,1828. 

To Capt. W. G. McNeill : 

Sir : By the arrangements of the duties of the field for the season, the party destined 
to examiue aud locate a line of canal or railway from the mouth of Howard’s Creek, 
down the Greenbrier and Kanawha Rivers, to the foot of the Great Falls of Kanawha, 
having been placed nnder my direction. 1 have now the honor of submitting a report 
upou the operations which occupied me during the summer. 

Early in the season the leveling and survey commenced at the month of Howard’s 
Creek, and was continued, without iutermission, down Greenbrier River to its inter¬ 
section with Kanawha or New River, aud from th nee to the foot of the Great Falls. 

Returning to the month of Greenbrer River, a line of canal was examined from 
thence to the mouth of Little River. This is regarded as a portion of the Roanoke and 
Kanawha Canal. 

Iu describing the line os located down Greenbrier and Kanawha Rivers, three divis¬ 
ions are made: 

1st. From the month of Howard’s Creek to the month of Greenbrier River. 

2d. From the month of Greenbrier River to Bowyer’s Ferry, (on Kanawha.) 

3d. From Bowyer’s Ferry to the foot of tbo Great Falls. 
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FIRST SUBDIVISION. 


Greenbrier River presents those characteristics which are peculiar to streams having 
their principal sources in the elevated regions of the Alleghauy Mountains. In pnrsa- 
ing and forcing its circuitous passage through the many ridges of mountains that are 
intersected, it is frequently confined within very narrow limits, and in such cases t is 
invariably bounded by steep, rugged, and often precipitous banks. At other points 
the hills gradually recede from the river, and rich Ha s appear, which offer every facil¬ 
ity for the construction of works < f art. 

To obta'U m'uutely every feature of the valley, and thereby insure a judicious (M-lee- 
* tion of that side along which a line of canal might be most advantageously heated, 
it was thought expedient to examine carefully both bunks of the river. From the 
facts thus a curat ly developed, it will be seen that the right bank is decidedly to be 
preferred, both from its features being generally more favorable, and from its southern 
exposure. 

In many instances, where bluffs are met with on one bank, more favorable ground 
might be found on the other. 

But as the river is remarkably serpentine in its coarse and cliffs occur at every 
bend—generally on the coucave side—little or uo advantage in any one instance would 
be gained by cr* suing. 

The first, level of the firs* subdivision commences on the right bank of the river at 
the point (a) on the map, 16 feet above low-WMter mark. 

The space, 350 yards, included lit tween this point and the termination on the left 
bank of the canal-line down Howard’s Creek, is occupied by two locks, an aqueduct, 
and a small portion of canal. 

The highest freshets on Greenbrier average from 9 to 13 feet; in one or two instaucc* 
it has been known to exceed 16 feet, but this rarely occurs. 

In order that the squednet may be placed entirely beyond the reach of the highest 
freshets, and the quantity of drift-wood and iee which is brought down during tbs 
winter, the water-line is suppostd 33 feet above low-water mark. The length of the 
aqueduct is 167 yards. 

To descend from this level to the level of the first section, two locks of *4 f«t lift 
are required. 

A supply of water taken from the Greenbrier River at a suitable point above may 
be received at the commencement of the first level tinder the meat favorable circum¬ 
stances. 

in order to avoid a tedious repetition of the same facts, which continually recur, a 
tablets attached, exhibiting the length of each level, the number of cnlverts required, 
the extent and height of w alls, and the general character of the ground. 

As far as it has lieen practicable, tb« liue of canal has been located at the foot of the 
hill-i-lope, about 15 feet above the surface of tlie water. This position is recommended 
by the greater uniformity which it offers iu excavation aLd the greater facility with 
which any given level may be regained. 

From the first to the eud of the fifth level no material difficulty is met with. The 
line is traced alternately through flats, generally narrow, bat wide enough for all prac¬ 
tical purposes, and along the river-bank, often rocky and steep. The streams which 
are crossed are generally small mouutain-drains, which yield during the summer 
months little or no water. The quantity, however, of stone and gravel which is 
brought down by the current after heavy rains renders it advisable, iu most cases, to 
pass them under the canal through small cnlverts. 

At the beginning of the sixth level the line intersects ragged cliffs of limestone, to 
sustain the level of the canal, along which a wall 863 yards in length and 20 feet high 
is required. Its construction is facilitated by the suitalleness of the stone on the spot 
and the ease with which its base may be placed below low-water mark. The water 
along the right bank, though rapid, is generally shallow. From thence to the end of 
the seventh level the ground is quite favorable. 

Id the eighth level perpendicular cliff* of limestone again occur. The water at the 
base of these cliffs is deep and rapid. Near the end of this level the line orossea Mill 
Creek by means of au aqueduct 100 feet in length and 17 feet above the water. This 
stream is remarkable from the singular fact of its disappearing entirely 9 or 10 miles 
from its month, aud, after flowing in a subterraneous channel through thisdistance.it 
suddenly gnshes np in a ravine at the foot of high perpendicular cliff-, and soon alter 
pats in operation a mill, which is kept in motion by it throughout the driest seasons. 

A short distince below the mouth of Mill Creek this level is again embarrassed by 
cliffs of limestone, requiring a wall. Opposite this point a long rapid commences, and 
a suitable point may be found for a dam ; one n or 9 feet high, and a feeder 946 yards 
in length, wonld furnish a fresh supply of water at the commencement of the tenth 
level. Early in this level vertical cliffs of limestone are met with, which will require 
a strong wall, having its base generally beneath low-water mark; water along the 
base deep and rapid. 
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From thence for some distance the ground is favorable. Toward the eud of the 
level the line intersects Muddy Creek Mountain, along the declivity of which the canal 
necessarily occupies very unfavorable ground. The general slope averages 18°, aud is 
covered for the most part with fragments of sandstone and conglomerate rocks. 

About the beginning of the fourteenth level the mountain recedes from the river, 
and the line occnpies a very favorable flat until it into'sects Muddy Creek. This ereek 
is crossed by a small aqueduct 50 feet in length aud 19 feet above the water. 

The quantity of water which Muddy Creek yields during the summer months is 
quite small. Should its supply, however, ever be required, it might easily be thrown 
into the canal by a moderate dam and a short feeder. 

From hence, through the sixteenth, part of the seventeenth, eighteenth, and part of 
the nine eenth level the line is traced along It hill-slope, frequently steep and rocky. 
Several culverts are required and some walling, the extent of which is shown in the 
table. 'J'brongh the remainder of the niueteeth level the natnre of the soil admits of 
easy excavation. 

Through the twentieth And part of the twenty-first level the line occnpies a very 
unfavorable position along a steep and rocky hill-slope. Fro u B. M. No. 20 to the end 
of the last level, with the exception of a straight wall along cliffs of red sandstone, 
the gr< und is generally quite favorable. 

In the tweuty-second level, Hunger's Creek is crossed by an aqnednct 50 feet in 
length and 17.5 feet in height, with an embankment at either extremity of 50 feet. 
This stream discharges a quantity of water in wet seasons, but during the summer 
months it nearly goes dry. The deep cutting along this level is very considerable, 
owing to the general steepness of the bill-slope along which it is located. Toward 
.the end of this level the river suddenly turns from a southeasterly to a northwesterly 
direction, forming thereby Strieker's Neck. Ou the east side of this bend, cliffs of 
compact sandstone rise vertically from the water. This point presents a greater 
obstacle than we have yet encountered. The most unfavorable portioli extends 266 
yards; in this distance the river descends 10 feet, and the whole course of impetuous 
current is concentrated at this point. The base of the wall required here must una¬ 
voidably be placed beneatbed low-water mark, in deep and rapid water, and should be 
formed of the strongest materials, to resist the powerful pressure to which it will be 
exposed doting a freshet. 

No opportunity is offered of avoiding this difficulty by crossing the river, as cliffs of 
an equally unfavorable nature present themselves on the left batik. 

Tbepr tile is the development of the line around this point. The distance, however, 
may be lessened more than half a mile, and th s obstacle avoided, by tunneling 133 
yards through this neck, or by a deep cut 76 feet. The point alluded to is oontaiued 
between the letters x and y ou the map and profile. 

Through the next five and part of the sixth levels the canal mast also be supported 
in a great measure by a strong wall, having its base frequently beneath low-water 
mark. 

From the middle of the twenty-eighth to the thirty-fifth level the ground is gener- • 
ally favorable, with the exception of one or two points, at which the hill-t*lope be¬ 
comes steep and rocky. In this distance numerous small streams aie crossed, which 
will require, for the reasons given above, small culverts. 

About the middle of the thirty-fifth level rugged cliffs of sandstone are encountered. 
The river here is wide and shallow, with little fall. About the beginning of the thirty- 
sixth level, the line gradually curves along the base of the hill, and-finally gains the 
wide valley of Kanawha River. The first subdivision is supposed to end at B. M. No. 
28, near the commencement of the thirty-sixth level, and opposite the mouth of Green¬ 
brier River. 

Length of the first division, 48 miles 1,561 yards ; fall in the river, 2<S7.52 feet. 

SECOND SUBDIVISION. 

The valley of Kanawha River presents, in a great measure, the same characteristics 
as that of Greenbrier River. Probably there is uot another stream in the country, of 
equal size, which furnishes less bottom-land along i s banks, aud which receives so 
few tributary streams of any size. The flats which are found are generally so narrow 
and occur so seldom that the valley is, comparatively, a perfect wilderness. The nu¬ 
merous rapids and falls, which are met in nearly every mile, form a striking feature of 
this river. The bed of the stream bei g very wide, and the water allowed iu most 
cases to flow off freely, the freshets seldom exceed 13 feet. 

Although the soil of the flats is generally light aud sandy, the hill-slopes are usually 
covered with a tbiik growth of flue timber, such as the poplar, the beech, maple, white 
and red oak, and some piue trees. 

The numbers of the levels are supposed to continue from the commencement of the 
first division. 

From the commencement, then, of this division to the end of the thirty-seventh 
level the line passes through a sandy flat, offering but little impediment. Through 
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the next two levels, the declivity of the hill being steep and rocky, fome emba* kments 
and walling are required. The extent and height of each is exhibited in the table. 

Opposite the last level the stream defend*, in a few yards, 13 feet, forming what is 
called “Tug Falls.” The river at the head of this fall is rather wide; in every other 
respect it presents a very favorable site for a dam. From hence, thtongi the uext five 
levels, the Ime meets with no obstructions. In the forty-second level Brooks’* Falls is 
passed. Thq river is here 5KH yards in width, and descends 9 feet over a ledge of rocks 
extending from bank to bank. This is a more favorable point for tarnishing the canal 
with a new supply of water than the one noticed above. A dam 8 or 9 fee*- high, sod 
a feeder less than hiilf a ni le in length, would effect this object. In the forty-fifth level 
the lin-» intersects the cliffs just above Richmond’s Falls. Tnis fall is a very prominent 
feature of the river, and the obstacles Imre, on the rubt- b ink, are of the most serious 
nature. The river descends perpendicularly over a ledge of rocks 23 feet high, and is 
bounded on either side by high vertical cliffs of compact sandstone. On the right bank 
the cliffs commence some yards above The falls, nnd extend tbiough 1 he forty-sixth 
and part of the forty-seventh level; in all which distance the bed of the canal most 
nccessar ly be upheld by a high and strong wall. 

On the left bank the same rude cliffs extend for some distance above. Immediately, 
however, at the falls a small flat occurs, which offers greater facilities for the construc¬ 
tion of locks, &c. At the terminal ion of this flat the bluffs again present their hideous 
front, and the left bank then becomes as unfavorable as the opposite one. Hence, the 
idea of crossing the river to avoid the great difficulty immediately at the falls is pre¬ 
cluded by the simple fact that the obstacles on the left bank, both above and below, 
are equally great. Through the remainder of the forty-seventh level the line ooenpics 
a narrow, sandy flat. For the next mile and a half, in the forty-eighth level, the bill- 
slope is steep and rocky; this is again succeeded by a favorable flat, which continue* 
to theeud. Iu crossing the valley of Meadow River, the embankment, is greatly in¬ 
creased, owing to the necessity of retaining~the level high enough to place the canal 
above the reach of the high freshets to which this small stream is subjected, as indi¬ 
cated by tbe quantity of orift-wood collected on the flat at its month. Aqnednct, 33 
yards in length aud 14 feet high. Through the next nine levels tbe canal is generally 
located along sloping ground, varying from two to twenty-three degrees. In two in¬ 
stances some embankment and walling are required. 

In tbe fifty-ninth level Laurel Creek is passed. About a quarter of a mile above the 
mouth this creek forks, ami discharges its water into the Kanawha through three dif¬ 
ferent channels. A small dam at the forks would throw the water into oue channel 
and save the expense of two culverts. This level, after passing through a sandy flat, 
encounters a very rugged hill-slope, along which a strong wall must be constructed. 
Owing to the sadden bend wnich tbe river bere makes, tbe right bank is exposed to 
tbe full force, during high tides, of an impetuous current. Through the remainder of 
this level and the uext the ground is more favorable, sloping from one to 10°. From 
hence to the end of the seveuty-tirsf level the canal is located, for the most part, along 
a steep and rocky hill-slope. The degrees of declivity, given in the profile, along each 
level will show in each case the exieut ot deep cutting. The table will also exhibit 
tbe length and height of each portion of walling. Opposite the end of tbe sixty-tilth 
level the river descends 11 feet in a few yards, aud a favorable site may be lonnd fora 
dam. To receive this fresh supply of water, the level of tbe canal is lowered by two 
locks, with a basin intervening, of 171 yards. Owing to tbe bed of tbe stream being 
bere very much contracted, the height of freshets is unusually great. Tbe wall, there¬ 
fore, required to support the bed of the canal along this portiou of the line must teat 
least 27 feet high, and calculated to resist the pressure of the iintneuse body of wa«.er 
which rushes by during high tides. 

From the seventy-second level to Bowyer’s Ferry the gronnd is generally unfavor¬ 
able. In a few instances the line passes through narrow flats, but generally along the 
bill-slope, which is frequently steep and rocky. Near tbe beginning of tbe eigh y- 
fourth level a suitable site occurs for tbe erection of a dam. A fresh supply of water 
is thought of thus early, from tbe circumstances that no conveuieut site for n dam is 
found between this point and the end of the line; aud the canal could not be lowered 
below this without materially jeopardizing its safety. The second subdivision is sap- 
posed to end at Bowyer’s Ferry. 

Length of this division, 45 miles 901 yards. Total fall in the river, 399.415 feet. 

THIRD SUBDIVISION. 

From Bowyer’s Ferry to within 2 miles of the Great Falls the valley of Kanawha 
presents a novel aud frightful appearauoe, and the ob9taclos that are met with are 
decidedly more formidable than any that have even yet been encountered and over¬ 
come The river bere breaks through Sewell Mountain, and is confined throughout 
within narrow limits, bounded by rugged banks and precipitous cliffs, rising many 
hundred feet above the surface of the water. 

Immense masses of rocks, which have been ejected from the cliffs near the brow of 
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tbe mountain, cover the lower slope on both sides of tbe valley, giving to tbe whole 
a most appalling appearance. In many instances these huge fragments have been 
precipitated entirely across the bed of the stream. Iu such places tbe river when 
agitated and swollen by heavy rains—the current being obstructed in its course—fre¬ 
quently rises from 35 to SC* feet above its nsual height. 

Numerous rapids and falls occur, over which the water rushes with deafening impet¬ 
uosity. 

From this faint account of the general character of this portion of the route, it will 
immediately be seen that the bed of a canal must unavoidably be supported t hrough¬ 
out tbe whole distance by a high wall, capable of resisting the immeuse pressure to 
which it must necessarily be exposed from tbe impinging of this furious current. 

There is generally sufficient space (with the exception o.f three or four poiuts noticed 
in the profiles, when tbe cliffs rise vertically from the surface of the stream) between 
low-water mark and tbe bluffs for tbe construction of such a wall. This space, how¬ 
ever, is usually occupied by the iuiuieuse masses of rocks alluded to above. 

In all this distance there is but one small flat; hence, the want of materials on the 
spot for puddling the bo.tom and sides of tbe canal will be very seriously felr.. 

In making the survey every feature of the valley was so carefully observed that, in 
case a canal along this portiou of the route should be thought inexpedient, from the 
unusually great expense which would attend its construction, a railroad might, be sub¬ 
stituted a ong tbe same line, with such alterations as might be suggested by the data 
now in our possession. This, however, must hereafter form the subject of a separate 
report. 

About half a mile above tbe month of Ganley River the line gains a narrow flat, 
along which it continues until it crosses tbe river by au aqueduct 23 feet above the 
surface ot tbe stream and 213 yards in length. 

From hence to the Great Falls of Kauawh * the line occupies a favorable flat. 

To descend from tbe level of the last s ciion to the surface of the water at the foot 
of the Great Falls four locks ot 9.8 feet lift are required. 

A ledge of rocks, extending diag< nally across tbe river and over which the stream 
descends perpendicularly 21 feet, forms what is known as tbe Great Falls of Kanawha. 
The maiu body of water passes t hrough a sluice about. 100 yards in width near the left 
bank. The remainder of the ledge is only covered at high tide. 

Just below tbe falls there is a most beautiful natural harbor, the river being here 
650 yards in width and 10 to 15 feet deep withiii a few yards of the shore. 

Length of third division, 21 miles 1,6:18 yards; total fall in the river, 340.325 feet. 

In conclusion, it may be proper to remark that hereafter, on making a more ui'niite 
and protracted examination of tbe ground preparatory to a permanent locatiou, many 
alterations may be suggested in the position of the line of canal and its appurte¬ 
nances. But it is believed that no material difference in the total expense of the work 
will result from such partial deviation. 

All which is respectfully submitted. 

R. A. Hazzard, 
Lieutenant , United States Army . 
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From hence there are in all 42 levels and 46 locks to the snrface of the wafer in the 
basin below th* Great Falls; bat the length of each level below Bowyer’s Ferry, with 
snob other detail* as are iucladed in the table*, are reserved until the drawings shall 
be more advanced, on which every featn e of the section will be tally exhibited. The 
precise termination of each level, with the most suitable pos tion for the locks, in- 
volves considerations which are not at this time fully matured. 


Georgetown, D. C. f 
Topographical Office, March 14, 1828. 

To Capt. Wm. G. McNeill: 

Sir : I have the honor to submit the following table, exhibiting the discharge of the 
several streams which may be used for the supp y of the proposed Roanoke and Kan¬ 
awha Canal, from the mouth of Little River to the forks of the Roanoke, together with 
some few remarks upon those streams and the more important mineral localities ob¬ 
served in the vicinity: 

Table of measurements. 


Name of stream. 


Date of meas¬ 
urement. 


1827. 


Quantity in 
cubic feet 
discharged 
per second. 


Remarks. 


South Fork of Elliot’s Creek, at the forks. 

Do. . 

Do. 

Do .. 

North Fork of Elliot’s Creek, at the forks. 

Do. 

Do. 

Do . 

El Hot’s Creek, mouth. 

South Fork of Roanoke, above Elliot's Creek- 

Meadow Creek, near Hay’s. 

Little River, near the mouth of Meadow Creek.. 

Little River, 3 mile* below Thompson’s.. 

Little River, at the commencement of feeder to 

the summit-level. 

Do. 

Do. 


August 7 

5.48 


20 

9.00 

' Slight fresh. 

22 

' 5.08 


October 12 

| 5.45 


August 7 

| 3.80 


20 

8.00 

Slight fresh. 

22 

1 4.60 


October J2 

4.03 


22 

12.02 


22 

28.00 

About the minimum. 

September 21 

6 44 

About the minimum. 

17 

231.04 


6 

161. 70 

Slight fresh. 

1 

19 

118.00 


October 4 , 

i 97.00 


14 

111.05 



The nnmber of mills upon th^se stream* renders complete accuracy unattainable. 

The measurements were made under the most favorable cironm-tances for l-arning 
the miuirnum supply of the strea »*s; for uotonly the quantify of rain which fr*ll dur¬ 
ing the seasou was unusually small, but tbe intervals of its falliug were so great as to 
give ns an opportunity of ob erving tbe strength of the spr ngs. 

Little River, I uniformly learned from tlw*e who resided on its banks, bad never 
been lower than during this season, so that its minimum supply may, with common 
certainty, be assumed at what it is represented in the table. 

In comparison with otberstreams in the vicinity affording the same quantity of water, 
Little River is very much the ►h- rtest, and by far the greater proportion of the supply 
is obtained from springs which have their rise wir.hin a few hundred yards of the river, 
a. distance general y cleared along tbe whole of its length. No usual occnrrrnce. there¬ 
fore, can teud to lessen its supply materially ; but should any circumstances whatever 
produce this effect, we may have resort to a reservo r, for whi h the valley of the river 
is well adapted; and a reservoir may also be formed in the valley of the South Fork of 
Elliot’s Creek, near the fork, for a supply at that poiub. 

The C'Mint'y is generally what is termed a limestone country, except about the upper 
part of Little River, where we have sa< dstone. 

Compact limestone is the most abnudanr, mineral production, bnt as to its presence 
united with tbe oxide of manganese, a union suitable for water-lime, I had not the 
means of ascertaining. 

A tine locality of bnhrstone was observed on the South Fork of Elliot’s Creek, 12 
miles f om the Roanoke, containing a great proportion of silex, and very porous. 

Irou ore was noticed on Little River, ferruginous red oxide of copper ou Elliot’s 
Creek, and galena or sulphuret of lead on New River. 

I am, sir, very respectfully, your obedient servant, 

John M. Fessenden, 

Second Lieutenant Fourth Artillery, on topographical duty . 
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Topographical Office, 
Georgetown, D. C\, February, 1838. 

To Capt. William G. McNeill, 

United States Topographical Engineer: 

Sir: Agreeably tq your instructions, I have the honor to report upon the duties as¬ 
signed to me while employe*) upon the surveys and examinations relating to a pro¬ 
posed route for a canal between the headwaters of the Kanawha aud James Riverain 
the State of Virginia. 

During the months of August and September, 1826, and the months of May and 
June. l£27, 1 ascertained, by frequent measurements of the streams ou each side of the 
dividing-ridge, the quantity of water to lie relied upon for the supply of the summit- 
level, together with ihc portions of caual between the extremities of the summit-level 
and Jacksou’* and Greenbrier Rivers. 

In the mean time I also made au examination as to the supply of water for a canal 
to connect the headwaters of Craig's Creek, a tributary to Jackson's River, with Sink¬ 
ing Creek, a branch of the Kanawha. 

Duriug the ‘latter pait of the season of 1827 I reconhoitered the country in the vi¬ 
cinity of Hnntei8ville, Pocahontas Couuty, to ascertain whether or not a connection 
could be formed there between Jackson’s and Green brier Rivera. 

While iu the performance of these duties, agreeably to instructions received from 
you, I made frequent observHtions relative to the formation of the conutry which 1 
traversed. I shall give the result of my oltservations in the order in w hich they were 
made; showing, in the fiist place, that there is a sufficient supply of water for a canal 
on the route from the mouth of Dunlap's Creek, at Covington, to the mouth of How¬ 
ard’s Creek. 

The following tables contain the qnantity of water discharged by the several stream! 
to be relied upon for the supply of a canal on the different routes examined: 

Table I.— Exhibiting the quantity of water obtained by the measurement of streams on lit 

proposed route for the James River and Kanawha Canal, in Virginia, during the months of 

August and September, 18*26. 


Name of stream measured. 


When 

measured. 


Jackson River. 

Aug. 

7 

Do. 


24 

Do. 

Sept. 

6 

Do . 


4 

DuulapV Creek. 

Aug. 

7 

Do. 


7 

Do . 


9 

Do ., 


16 

I)o . 


17 

Do . 


24 

Do. 

Sept 

27 

Snake Ron . 

Ang. 

9 

Angley’s Creek.i 

i 

7 

Potts’s Creek.! 


7 

Do. 


16 

Do . 

Sept 

4 

Craig’s Creek. 

Aug. 

25 

Do. 

Sept 

1 

John’s Creek. 


1 

Do. 


1 

Do . 


1 

Sinking Creek . 


1 

Do.1 


1 

Greenbrier River. 

Ang. 

10 

Do.| 


20 

Do. 


20 

Do. 


21 

Do . 


25 

Do. 

Sept. 

5 

Do. 


6 

Do. 


7 

Do. 


7 

Do .. 

j 

7 

Do. 


7 

Do. 


8 

Do. 


8 

Do . 


25 

Howard’s Creek. 

< Ang. 

10 

I>°... 

i 

19 


Where measured. 


I At Pilcher’s mill, near Covington ... 

| Above the mouth of Daulap’s Creek 

j Above Pilcher's mill . 

Above ibe mouth of Potts’s Creek... 
I Below (be id nth of Dunlap’s (’reek, 
i Below the mouth of Angler’s Creek. 

( At its month . 

I Above the mouth of Snake Run. 

j At its mouth... 

i .do. 


do. 
do. 
do. 
.do. 
.do 


iQnutilj at 
waur per 
j secusd a 
I oak feet 


I 


ms 

157. i 

1543 

2*3 

«.< 

14 B 
443 
14* 
*46 
210 
55 
tit 
&] 
349 
346 


Below the mouth of Roaring Run. 

Below I he month of John’s Creek.j 

At its mouth... 

.do.i 

- — do .. 

Below Johnson’s mill . 

At Johnson’s mill, when there is a maximum 
head of water at the mill 

Above the month of Howard’s Creek. 

--- do . 

At Bright's mill. 

j One mile above Bright’s. * 

Below Howard’s Creek... 

Six miles below Anthony's Creek.1 

At Bowen's mill .. 

Below Bowen’s mill . 1 

Above McClure's mill. 

At McClwe’s mill. 

Above Laurel Run. 

1 Above Stamping Creek. 

I Below Howard’s Creek. 

Below the White Sulphur Springs., 

!.do. 


157.7 

343 
154 
143 
15 S3 
449 
4 46 


1347 

0L44 

14M 

•475 

447 

MM 

733 

<16 

A» 

413 

1416 

1L6 

13 
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Table I .—Exhibiting the quantity of water obtained , fc. 


Name of stream measured. 


When 

measured. 


Where measured. 


Qumtity of 
water per 
second in 
cub. feet. 


Howard's Creek . 

Do. 

Do .. 

Anthony's Creek 

Do _ 

Spring Creek .... 
Locust Creek 

Do .... 
Stamping Creek . 
BeaverCreek ... 
Knapp's Creek .. 
Second Creek ... 

Do. 

Do. 


Aug. 85 | At its month. 

Sept. 5 .do. 

5 .do .. 

(i !.do . 

Aug. 81 I Six miles above its mouth. 

Sept. 7 , Near it- junction with Greenbrier River 
8 i Near its mouth ..'.. 

8 At a mill near its mouth. 

9 Near its mouth. 

0 .do . 

14 I Six miles above its month. 

Ang. • 89 Below Pat ton’s mill. 

29 At Knox’s Ford. 

89 j Near the Gap Mill. 


6.83 

13.9 

10.9 

14.3 
11.5 

9.6 

0.66 

0.704 

5.00 

2.5 

41.0 

33.3 


30.09 


Table II .—Showing the quantity of water found in the streams on the proposed route for the 
James River and Kanawha Canal , in Virginia , during the months of May and June , 1827. 


Marne of stream measured. 

' When 
' measured. 

I 

Where measured. 

Quantity of 
water per 
second in 
cub. feet. 

Jackson's River. 

May 4 
18 
19 

Below the month of Dunlap's Creek. 

350.00 



5<K 78 

Do. 

.do. 

607. 00 

Do. 

25 

June 5 
16 

May 9 
10 


1 HM) 00 

) o . 

.do . 

' 6C0.00 

Do . 


419.70 

Greenbrier River.. 


1,768.00 
1,995. 00 
1, 970. 60 
4.000. 00 
6,650. 00 
2,000 00 
1,500.00 
1,224. 00 

Do. 

.do. 

Do. 

16 

..do. . 

Do . 

! 12 

.do..| 

Do . 

22 


Do. 

24 

25 


Do.. 


Do. 

27 

At Bowen’s mill . 

Do. 

27 

J une 5 


8K2 00 

Do . 

At the bridge. 

1,800.00 

752.30 

Do . 

26 


Augley's (or Ogley’s) Creek..! 

May 1 

At Callaghan's mill. 

10.80 

Do. 



9.50 

Do.I 

May 21 
June 26 


50.00 

Do. 

.do.. 

60 00 

Howard’s CTeek. 

May 16 
21 

.do. 

40. 40 

Do . ! 

.do . 

370.00 

Do . 1 

1 84 

Below Dickson's Run ... . . 

49.30 

Do . 1 

1 24 

Near its month. . . 

184.60 

Do . 

i 85 

.do . 

180.00 

Do . 

June 6 

....do. 

360.00 

Do . 

i 7 

Near Little D ckson’s .. 

67.60 

South Fork of Howard's Creek 

May 16 

Near the toll-gate . 

5.57 

Do . 

22 

.do .r.. 

80.00 

Do ... 

24 

_do ..... 

30.00 

Do . 

25 

. do . 

26. 0 J 

Do .,. 

June 19 

. do .. 

27.00 

Dunlap's Creek ... 

May 17 
17 

Above Colonel Crow’s ... 

41.50 

Do . 

Itclow Crow’s mill . i 

52.90 

Do . 

19 

At its month . 1 

79.30 

Do . 1 

21 

Below Squire Bishop's ... 

.723. 03 

Do . 

June 5 

Below Augley’s Creek .. . 

50.00 

Do. 

16 

_do... 

19.80 

Potts's Creek . 

May 19 | 
83 

At its month ____ 

85.10 

Mill Creek . 

.’do . ... . 

142.72 

Dirk son’s Run . 

24 

Near Its Junction with Howard’s Creek . 

31.00 

Spring Creek .. 

87 

At Barr's mill .. 

56.00 

Locust Creek . 

27 

Near its junction with Greenbrier River . 

84.00 

Anthony's Creek . 

Juno 27 

l 

One mile below Wiley’s, and near the intersec¬ 
tion of the feeder-line, dfo. 

433.10 


Note. —All the streams mentioned in the foregoing tables were measured by means of a float, with 
the exception of Dunlap's Creek, which, on the 10th and 17th days of August, was measured by means 
of a waste-wier or dam. At mills, the method prescribed for measuring by means of orifices has gen¬ 
erally been adopted. 

The q lantity of water given in tho fourth ojlumus of the tables is expressed in cubic feet per second. 
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Table III .—Of the quantity of water found in the streams on a proposed route for the James 
Hirer and Kanatrha Canal , in the vicinity of Huntersville , in the county of Pocahontas, 
Virginia , (May and June , 1827.) 


Name of stream measured. 

When 

measured 

Where measured. | 

Discharge 
of wafer 
in cable 
feet. 


May 29 
June 2 


1 4» 

Do. 

Seven miles above t he mouth of Deer Creek-, 

Do . 

10 i Ten miles below mouth of Knapp's Creek. 

25 I At its jnnction with East Fork Greenbrier Rivet 

i cn 

West Fork Greenbrier River 

( 777 

Kut Fork Greenbrier River. 

25 

At its junction with West Fork Greenbrier Rivet 

m 

Knapp's Creek. 

May 29 

Near Huntersville. 

| 156.9 

Do . 

;ti 

Above tbe mouth of Sugar-Tree Creek......_ 

15.9 


June 10 


78 

Warm Spring Run. 

May 3“ 

Four miles below Warm Springs.. 

28 

Do . 

June 9 

.do. 

14 

Jackson's River. 

May 30 

Midway between the Warm Springe and the, 
mouth of Litlle Back Creek. 

443 

Do . 

Jnne 9 

.do .. 

149 

Big Back Creek. 

May 30 

Above tbe mouth of Little Back Creek. 

1 

Do. 



140 

Little Back Creek. 

May 31 

At its mouth. 

| 5a 6 

Do. 

»uno 10 

... . 

1 20 

Sncar-Tree Creek.. 

May 31 
31 


15 

Sitlingtou's Creek. 

Near where a feeder-line would strike it, Ac- 

I 100 

Deer Creek. 

June 1 

Above Woodle's mill. 

f* 

Do . 

19 

... do . ....- 

50 

Camp Run, a branch of Deer 

1 

At its mouth.. 

11 

Creek. 




DuncHn's Run, a branch of 

1 

.do. 

10 

Deer Creek. 




Buffalo Ruu, a branch of Deer 

1 

.do. 

19 

Creek. 




Salisbury Run, a branch of 
Deer Creek. 

1 

.do. 

1 11 

Back Creek .. 

24 

Near McCloud’s.. j 

| 200 

Knapp's Creek . 

19 

Above the mouth of Sugar-Tree Creek......... 

10 

Six other small runs. 

19 

Where a feeder would strike them, Ac. 

! 

16.09 

1 


I will now point out the resources which may be relied opon to supply with water 
the summit-level and the portions of canal on the Covington route between the mouth 
of Dunlap’s Creek and Howard’s Creek. It is kuown from the surveys whic h have 
been made on this route that we must, iu a measure, depend for a supply of water 
upon the following streams, viz: 

Cnb. ft 


Greenbrier River, (minimum supply,) 8th September, 1826. 42.3 

Greenbrier River,(mean supply,) 1826 . 67.6 

Anthony’s Creek, 6th September, 1826. 11.6 

Dunlap's Creek, 9th September, 1826 . 5.5 


Besides the snpply from these streams, we can avail ourselves of a reservoir, which 
shall contain either 13,060,584.9 cubic yards or 4,003.040 cubic yards, according to the 
height of the dam which may be constructed at the point whem the feeder from Green¬ 
brier River is takeu. To show that this supply will suffice to feed the summit-level, to 
supply its lockage, and feed, besides, the portion of the canal contiguous to it, we have 
made the same suppositions with regard to this ronte that ibe board for interna) im¬ 
provement did with regard to the proposed route for the Chesapeake and Ohio Canal. 
Suppose, iu the first place, the navigation to be iuterrnpted four months in ibe year, 
viz, from the 1st of December tb the 1st of April. Adopting67.6 cubic leet per second 
as the mean snpply of water afi'orded by Greeubrier River first, in the winter teason, 
at the point where the feeder to the summit commences in said stream, it will be found 
that tbe larger reservoir would be filled twice during tbe inteiruption of the naviga¬ 
tion, and the lesser teservo r would be filled in nearly one-third of the time required 
to fill the larger one. But 67.6 cubic feet per second is certainly much less than the 
mean mpply afforded by tbe Greenbrier liiver iu the winter season. (See Tables II 
and 111.) It is, in fact, thought to be much less than the mean supply daring the sea¬ 
son of opeu navigation. 

So that, while the navigation oontinues open, npon this last supposition the larger 
reservoir would be filled at least every two mouths, aud the smaller reservoir ofteuer 
thau once per month from Greenbiier River itself. Now, in order that we may ere 
what influence evaporation, &c., may have m on this supply, let us make a computa¬ 
tion as to the supply which may be expected from rains. 

This, it will be seen, besides making up for evaporation aud soakages iu the reservoir. 
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and in the feeder to the summit-level, will leave a very large supply which may go 
toward the feeding of the summit and portions of the canal contiguous t » it. 

We shall take an area of 55 square miles, which we suppose to supply Greenbrier 
River with rain-water. This area is chosen from an inspection of the map of this part 
of ihe country, from which we find that the sum of the lengths of the streams tributary 
to Greenbrier River exceeds 110 miles; and, from a knowledge of the country, we know 
the width of their valleys to average more than half a mile. 

We shall assume for the fall of rain on this surface the least quantity which fell from 
the year 1817 to 1824, in the vicinity of Baltimore. 

The least quantity fell iu 1822, which was in the fall and winter, 16.7 inches, and for 
the six other mouths, 12.5 inches; making, for the whole year, 29.2 iuches. So it will 
be found that the assumed area will receive during— 


Cnbic yards. 

The fall and winter. 78,880,384 

The spring aud summer. 59.ll 7 ,696 

The whole year rouud. . . 137,998,080 


From which it will he seen that the first quantify wonld be six times as much as 
would be necessary to fill the larger reservoir in the winter season; and seventeen 
times as much as would fill the smaller one; and that the second quantity would fill 
the larger reservoir more than four times in the summer, and the lesser one nearly 
thirteen times. Now, what is the evaporation, soakage, &c., compared with these 
quantitiesf Suppose tile evaporation to he 32 inches per annum, which are equivalent 
on a surface equal to l sqna e yard to 0.910 cubic yard. We will apply this to the 
feeder and reservoir. The feeder, which is about 33} miles in length, will have a sur¬ 
face, say, equal to about 590,880 square yards ; and, consequently, the evaporation on 
it would be equal to 541,300.8 cubi«; yards. Suppose now the soakage to be equal to 
one and a half times the evaporation, (which is, no doubt, considering the nature of 
the soil over which the feeder-line passes, a sufficient allowance.) This last supposition 
gives for the evaporation and soakage Together, of the feeder, 1,353,252 cubic yards. 
The evaporation of the reservoir, taking the larger one, whose surface would he equal 
to 2,508,333.3 square yards, would he equal to 2,282,58*3,303 cubic yards; or the» vapora- 
tiou and soakage together equal tQ 5,706,458.25 cubic yards; making, for both the 
feeder and reservoir, the evaporation and soakage together equal to 6,059,710.25 cubic 
yards. Should we double the allowance above made for evaporation, &c., it would he 
seen that it could not even then he compared with the quantity available from raius. 
It is, iu fact, very trilling, even when compared wi h the fall of raiu during the spring 
and summer months. It should also be recollected that we have assumed for the fall 
of rain the least quantity which fell iu the course of a uumbcr of years in a section of 
the country where the fall is not to be compared with that iu the elevated section of 
couutry which we have exainiued. 

I think, therefore, that it would be safe to adopt the following as the minimum 
snpply of water which can ever he expected on the route in question, and which will 
suffice to feed the summit-level aud portions of canal contiguous to it, viz: 

Cnbic feet 
per second. 


Gree nhrier Ri . 42.3 

Anthony’s Creek. 5.5 

Dunlap’s Creek.. . 5.5 


and the snpply of 13,060,584.9 cubic yards from the reservoir, (using the larger one.) 

It will be observed by reference to Table I that the least quantity of water found in 
Anthony’s Creek, 6 miles from its month and near where the feeder-line strikes it, is 
11.6 cubic feet per second; we have assumed less than half of it for the minimum 
supply. A less quantity is also assumed for Dunlap’s Creek than has ever yet been 
found in it at auy one point; one of its tributaries, Sfiake Run, gave, ou the 9th of 
August, 1826, the same quantity which it will he perceived is assumed for the stream 
itself. Aud it should be recollected that the canal-liue strikes the creek some distauce 
below the month of Snake Run. 

We could no doubt avail ourselves of several time* the quantities assumed as the 
discharge of these streams; for, besides the actual quantities flowing in them, we can, 
if necessary, have recourse to small reservoirs on both of them ; and, as regards Green¬ 
brier River, it presents frequent sites for damB suitable for the formation of reservoirs ; 
and that, should it be found necessary, one may, of almost any height, be formed at any 
point above the one cboseu for the commencement of the feeder to the summit-level. 

If necessary, reservoirs might be formed upon several of the tributary s reams of 
Greenbrier River, aud sometimes npon streams tributary to them. 

But to limit the supply to the quantity above assumed, and calculating upon an 
opeu navigation of eight mouths in the year, it will be fouud that the monthly supply 
(adopting the larger reservoir) will be as follows, viz: 1,632,573.1 cubic yards from the 
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reservoir, 4,l. r »6,790.4 cnbio yards from the Greenbrier River, and 1,055,990.8 cubic raids 
from Dunlap’s and Anthony’s Creeks, making the whole supply equal to 6,845,344^ 
cnhic yards. 

This monthly supply may be disposed of after the following manner: Considering 
the length of the summit-level, it is probable that about two bonus would be required 
for a boat to pass from one extreme point of it to the o*her— t,bat is to sav, it wonld 
move at the rate of a little more than one mile a »il a half per hour. This wonld be 
for a single boat. But, with a view to the saving both time and water, we will sup¬ 
pose the trade to be carried on by a number of boats, passing and repassing the differ¬ 
ent locks at the same time. Let the number be twenty. But, as a greater length of 
time is required for a number or train of boats to pass the summit-level than for a single 
oue, we shall increase the time assumed for the passage of a single one one-lmlf for a 
train—that is, we suppose it to take three hours for a train of 40 boats to pass from 
one end of the summit.-level to the other. 

The trade from the East to the West, we suppose, wonld be carried on in this man¬ 
ner. The ti st tr*in of twenty boats would leave the first lock at the commencement 
of the summit-level, and arrive in three hoars afterward at the 1 ck at the other ex¬ 
tremity of the level, (which we shall here call the second lock,) when it would meet a 
second train, having passed the second lo -k. This second tr*in would arrive in three 
hours afterward at the first lock and find a third train, having passed during the pas¬ 
sage of the first and second trains, aud ready to proceed toward the second lock, and 
wlrch wonld arrive there in thrr© hours afterward, and find a fourth traiu having 
ascended t tlie summit and ready to proceed to the first lock; and so ou, until the 
whole five trains shall have passed the summit. 

The passage of these five trains, or one hundred boats, requiring fifteen hoars, may 
be assumed as the greatest trade on this part of the canal. 

It is readily seen that this trade agrees very well with the monthly supply, for. at 
the rate of 100 boats per day, 3.000 might, pass per month, and 24 000 during the sea¬ 
son of open navigation; and as the boars are supposed to pass the locks alternately, 
one lock full of water only for each boat will lie required to pass the summit level. 
Biit to remove all doubts as to the adequacy of the moutbly supply, we shall add half 
a lock-full for leakage, &c. This allowance, supposing the size of the locks the same 
as those contemplated by the hoard of iut rnal improvements for the propped Chesa¬ 
peake and Ohio Canal, will lie equal to 6*43 cubic yards; so that all the Imats which 
would puss during a month would require for lockage 1,869,000 cubic yards of water, 
which, when taken from the monthly supply, leaves 4.976,344.3 cubic yards. This 
residue would supply the canal from the mouth of Howard’s Creek to the mouth of 
Dunlap’s Creek, a distance of about 33 miles 737 yards, at the rate of 148,994.34 cubic 
yards per mile per month, or 93,140.4 cubio feet per miuute, which are equal to 1,554 
cubic feet per second per mile. 

And for the supply of t*ie whole distance from the month of Howard’s Creek to the 
mouth of Dunlap's Creek, we sh *uld have considerably more than 11 cubic feet per 
second per mile, should we take into consideration the quantity which may be had from 
Howard’s Creek, some distance above its month. We speak now of 11 cubic feet of 
water per second, exclusive of lockage, and, if yon please, of evaporation, soakage. Sec. 
It is thought, however, to be a sufficiency, absorption, evaporation, &c., included. We 
might assure ourselves of this fact immediately by making a comparison between this 
supply aud the different supplies which answer for many of the canals constructed in 
France and elsewhere. Bn 1 shall merely advert to the fact that, from experiments 
which have been made npou the New York canal and others which have been con¬ 
structed in this country, it has been ascertained that about 100 cnbic feet of water per 
minute per mile only are requisite for navigating an ordinary canal iu this couotiy. 
lockage included. 

Now, if we apply this to the James River and Kanawha Canal, on a distance of about 
33 miles 737 yards, and deduct 1.869,000 cubic yards, which we have allowed for lock¬ 
age, we shall* find that there will be a much smaller quantity left (aud which would 
supply the canal) than we can calculate upon from Greenbrier River, Autbony’s and 
Dunlap’s Creeks, and the reservoir which would be formed ou the Greenbrier. The 
foregoing calculations were.made from data obtained from the experimental surveys 
made in 1846. Subsequent examinations develop facts which effect a slight change iu 
them. By the recent surveys which have been made it appears that the feeder-Hue, 
from Greenbrier River to t e Bumiuit-level, can be shortened about 4 miles, making 
the entire length of it o ly 31 miles B10 yards. 

The length of the summit-level is 4 miles 789 yards, and 'his distance from its east¬ 
ern extremity to the point where the canal is fed by Duulap’s Creek is 4 utiles 1,718 
yards. I he distance from thence to the month of the creek, 16 miles 115 yards. The 
dUtAlice fr m the point where the feeder-line strikes the snnimit-level to the point 
where the canal is fed by Howard’s Creek is 3 miles 1,175 yards, and from thence to 
the month of the creek, 4 miles 74') yards, making the length of the canal, from the 
mouth of Howard’s Creek to the mouth of Dunlap’s Creek, about 31 mUes 1,017 yards. 
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An alteration has been made in the situation of the dam for the reservoir on Green¬ 
brier River. This dam, though supposed to be as high as the dam of the larger reser¬ 
voir first calculated upon, is found to give a reservoir with a prism of water equal to 
only 8,578,148 cubic yards, but which, when compared with the former larger reservoir, 
is found to have a much smaller than a proportional surface exposed to evaporation. 

The surface of this reservoir is equal to 532,666 square yards, and the evaporation 
from it would he equal to 484,726.06 cubic yards. If to this quantity, after making a 
due allowance for soakag^, we add the evaporation and soakageof the feeder-line, and 
subtract the sum thereof from the quantity of water available from raius, the residue 
would still be more than sufficient to fill the adopted reservoir once per mon'h. Re¬ 
sides, it is probable that the reservoir would be filled once per month the year round 
from Green brier River. The quantity (67.6 cubic feet) first assumed as the mean sup¬ 
ply of the river would fill it once in le-s than every forty days. 8o, to feed the sum- 
roit-1 vel and portions of the canal between its extremities and Dunlap’s and Howard’s 
Creeks, we may, with safety, calculate upon the contents of a reservoir formed in 
Greenbrier River, and the least quantities of water afforded by G teen brier River, An¬ 
thony’s Creek, Howard’s and Dnulap’s Creeks. 

The supply would be as follows: Calculating upon an open navigation of eight 
months in the year, the reservoir formed in Greenbrier River would give a monthly 
supply of 1,072,26H.5 cubic yards. And from Greenbrier River, containing 42.3 cubic 
feet per second ; Anthony’s Creek. 5.5 cubic feet per second ; Howard’s Creek, 6.8 cubic 
feet per second; and Dunlap’s Creek, 5.5 cubic feer. per second, we should have a monthly 
supply of 5,769,552.6 cubic yards. If from these supplies we subtract the lockage for 
3,000 boats per month, it will he seen that t he residue would feed the entire canal from 
the month of Howard’s Creek to the month of Dunlap’s Creek at the rate of something 
like 157,517 cubic yards per mile per month, which are, exclusive of lockage, more than 
sufficient for that purpose, all other losses included. 

The canal may be fed in this manner: From Greenbrier River the re-ervoir formed 
in it, and Anthony’s Creek, affording together a monthly supply of 5,661,068.5 cubic 
yards per mile. From this quantity there will he left, after feeding the summit-level 
aud the portion of canal between its eastern extremity and the mouth of Dunlap’s 
Creek, (a distance of about 234 miles,) about 618,519 cubic yards p r month, that is, 
after deducting lockage for lwrh extremities of the summit-level and taking into con¬ 
sideration a monthly supply of ab nit 528,000 cubic yards afforded by Dunlap’s Creek 
more than 16 miles from its mouth. Now, this remaining supply of 618,519 cubic yards 

g »r mile, &o , together with a supply of 652,800 cubic yards per mile per mouth from 
oward’s Creek, more than 4 miles from its mouth, will feed the remaining portion of 
the canal from the western extremity of the summit-level to the mouth of Howard’s 
Creek, a distance of about 8 miles. 

If we found the calculations upon the least quantities of water which have yet 
been found to flow iu the streams n>ed on this route, at the points where it is prob¬ 
able they would be brought into requisition to fe d the canal, it will he seen that the 
fall ot rain-water need not he so much relied npen. For instance, we have Greenbrier 
River, containing 46.72 cubic feet per second, (see T b. 1;) Authony’s Creek, 11.50 
cnldo feet per second ; Howard’s Creek, 6.83 cubic feet per second; and Dunlap’s Creek, 
9.43 cubic feet per second ; giving alto ether a monthly supply of 7,150,080 cubic yards. 
If to this supply we add the monthly supply from the reservoir, which we supposed 
filled from Greenbrier River during the interrupti »n of the navigation, and make a 
deduction for lockage, there will remain a monthly supply of 6,3.*»3,348.5 cubic yards, 
which would supply the canal under consideration at the rate of 194,581.2 cubic yards 
per mile per month, which are, at least, more* than half a cubic foot per second per 
mile more than is necessary for that purpose; aud which, together with a small quan¬ 
tity of rain-water, would snpply the losses of the feeder, &c. 

Before conclud ng, we will make one other supposition. Suppose an open naviga¬ 
tion of nine months in the year; and snpi»ose the feeder from Greeubrier River to the 
summit-level. and the canal from the mouth of Howard’sCreek to the month of Dunlap’s 
Creek, to lose each its prism of water per month by evaporation and filtration, aud 
allow 1,454,178.18 cubic yards for the leakage and evaporation of the reservoir, (suppos¬ 
ing the former to be twice the latter,) aud making a due allowance for lockage, we shall 
have, during an open navigation of nine mouths, all losses equal to almnt 32,962.494.18 
cubic yards. Now,if we compare this with the fallof raineven during thespring and slim¬ 
mer, there will remain a monthly snpply of 2,906,133.53 cubic yards of water, which 
may go toward supplying the canal. That is to say, we should have for the supply of 
the canal, including rnuning water, a monthly supply of 8,771,933.53 cubic yards, after 
having made good all losses ; which is twice as much os is necessary. I shall finish 
these remarks by repeating, that, when we take into consideration the many favorable 
sites for dams, suitable for the formation of reservoirs ou Greeubrier River and else¬ 
where, we can never dread an insufficiency of water for the supply of a canal on this 
route. In addition to this fact, the rela ive situation of Cheat River with regard to 
Greenbrier River, by which, iu case of auy unexpected casualty, a feeder, with a suf- 
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ficient. supply of water for a canal, might be brought from thence to the Greenbrier 
River, leaves no doubt of the practicability of a canal communication between the 
brad-waters of Janies River and the Kanawha. 

The next < bjeet which occupied my attention was the examination of a proposed 
route for the James and Kanawha Canal, by way of one of the head branches* f Cra g'a 
Creek, a tributary to Jackson's River, and Sinking Creek, a tributary to the Kanawha. 
I deem it unnecessary to enter into a minute description of the country along this 
route, as I shall be able to show in a ver\ few r words that there is not a sufficient supply 
of water for a cauul. To supply the summit-level of a canal on this route we shook! 
have to rely aluiosr altogether on John’s Creek, a branch of Craig's Creek, which gave 
on the ls f Sep'ember, IrtMi, at i s month, a discharge of water equal to only 15.4 cubic 
feet per second, which is not perhaps the minimum supply during the driest season of 
the year. As regards Sinking Creek, we might often during the dry season expect to 
find it, if not dry, si most so. Relying then principally ou John's Creek, we should 
have a monthly supply of water which would not suffice for lockage alone. Allowing 
the same quantity of water for lockage on this route as we did ou the Coving on route, 
we would want an additional quantity of 3111,5(50 cubic yards per month for lockage. 
(Referred to on p. 777.) 

The quantity of water afforded by John's Creek, (15.4 cubic feet per second,) and the 
quantity afforded by Stukiug Cr ek, (.49 cubic feet,) together equal to 15.89 cubic feet 
per second, would have to supply a summit-level and |Hirtioosof canal, together equal 
to, at least, from to 30 miles. Now, at the rate of 1^ cubic fret per second, it U 
readi y seen that the above quantity would ouly feed a canal something like 10 miles, 
exclusive of lockage. 

In a a old, the great additional supply of water wanted for a canal by tbisroatecan 
never be bad, for we can alone expect it from reservoirs, and though one or two might 
be f Tilled on tbe route they conld be but rmall. 

A canal by this route, even if there was a sufficient supply of water, would have 
nothing to recommend it, for we would certainly have a very long tunnel on it, and 
that, too, over au elevat«d suihtnir-level. 

The foregoing remarks wonld apply equally as well to any route by the way of Potts's 
Creek, &c. y 

The next examination which I made, agreeably to the instructions received from you, 
was of the country between the head branches of Jackson's River aud Greenbrier River, 
in tbe vicinity of Huntersville in Pocahontas County. 

My atteiiti n was particularly directed to the ascertaining of tbe fact ** whether or 
not the Greenbrier River, near the mouth of Knapp's Creek, approached sufficiently 
near to Jncksou’s River or some of its branches; and whether or not the dividing ridge 
between those streams was sufficie fly depressed to admit of a connection between 
them by means of a canal with itt a tunnel." 

There are, it is true, several depressions in the Alleghany Mountains, or dividing 
ridge between the eastern aud western waters, in the county of Pocahontas. Tne^e is 
one 7 or 8 miles from Huntersville, lietween the head-waters of Knapp's CrekandL ttle 
Back Creek ; and another still higher up, between the head-waters of the Sugar Tree 
Creek, a branch of Knapp's Creek, and Big Back Creek, a branch of Jackson's River. 

But the imwt considerable one in the mountain is where the road from Huutersville 
to Warm Springs, in Bath County, crosses it; a communication might be made be¬ 
tween Knapp’s Cieek and Back Creek through this gap perhaps without a tunnel, or, 
if with one, a very short one. But for a sufficient supply of water for a canal between 
those streams, we should have to resort to a long feeder from Greenbrier River, and 
one, too, perhaps, with one or tw • tunnels. 

Table 111 shows the quantity of water afforded by tbe different streams in this sec¬ 
tion of the country at the time I made tbe examination of it. But we could not 
depend on anything like those quantities duriug the greater portion of tbe summer 
season. 

From a mere examination of tbe table it will be seen that at the time the different 
streams were measured there was a supply of water afforded by them more than neces¬ 
sary to effect the d sired communication. But having siuceteenmany of theoe streams 
whilst employed upon the examination of a rontefor tbe Baltimore and Ohio Railroad, 
(during tbe dry season,) 1 am fearful there could not be bad at all seasous of the year 
a sufficient supply of water for a canal coinmnnicatiou by this route. But even if 
tbere conld be found a sufficient supply, it wonld not then compare with the route 
from Covington to the mouth of Howard's Creek, as will be plainly seen from the fol¬ 
lowing facts : On this route the lengta of canal would be greater, by at least 100 miles, 
than by the Covington route; tb*i is to say, tbe distauce (following the probable 
direction for the location of a canal) from the Greenbrier Bridge to Huntersville, oa 
Knapp's Creek, and from thence ove; tbe dividing ridge, aud down Back Creek, Ac¬ 
te Covington would be at least 100 miles, and probably more. 

The fall of the ground from the western extremity of the summit-level of this route 
to tbe Greenbrier Bridge, near tbe mouth of Howard's Creek, is about 1,500 feet. So 

Digitized by Google 



APPENDIX V. 


801 


to make a comparison between the lockage on this route and that on the Covington 
route, we have the amouut of lockage from the western extremity of the summit-level 
ou the Covington route to the month of Howard’s Creek equal to 2*24 feet, and the 
amount of lockage from the eastern extremity of said summit-level to the month of 
Dunlap’s Creek equal to 694 feet, making the amount of lockage for the entire distance 
from the mouth of Howard’s Creek to the mouth of Dunlap’s Creek equal to D1H feet; 
consequently the fall from the eastern extremity of Pocahontas summit to the mouth 
of Dunlap’s Creek is euual to 1,970 feet, makiug 2,552 feet more of lockage on the Poca¬ 
hontas route thau on the Covington route. 

The great additional number of aquedncts which would he required on this route 
would make the cost of its construction very great when compared with the Coving¬ 
ton route. In the distance from the mouth of Howard’s Creek to the mouth of Knapp’s 
Creek, pursuing either side of Greenbrier River, it would he found necessary to cross 
fioni b to 10 of the tributary streams of the Greenbrier; and, owing to the frequent 
situations in the Greenbrier River itself, it is probable that it would be found neces¬ 
sary to cross it four or five times in some instances to save distauce, and iu others to 
avoid encountering bad grouud, &c. The same remarks would apply to Jackson’s 
River. So, without a tunnel and with a sufficient supply of water, I am of opinion 
that the Pocahontas route conld have no advantages over the Covington route. 

I will now conclude by making some general remarks as to the formation of the 
oountry which we have examined for the purpose of ascertaining the practicability of 
a connection between Greenbrier and Jackson’s Rivers. The rocks in the vicinity of the 
dividing ridge between these streams are of the transition class, and consist principally 
of sandstoue and limestone. Horustone and other rocks are sometimes met with, but 
in very small quantities. Of the rocks above mentioned, sandstone is perhaps the most 
predominant. Compact limestone, (blue,) however, occur in considerable quantities 
throughout the whole district, aud may be used either as a bu hl mg-stone or for the 
purpose of furnishing ordinary lime The most considerable deposit of limestone which 
we have seen in this section is a zone or belt which passes from north to south throngh 
Lewisbnrg, Union, <&c., and which we have traced from its outgoings or appearances 
On the surface of the earth for the distance of 20 to 30 miles; its width hardly ever 
exceeds a mile. Connected with this deposit of limestone for a number of miles is one 
of horustone. 

Limestone is found on most of the streams east and west of the dividing ridge, viz, 
on Jackson’s River, on Craig’s Creek, on Dunlap’s Creek, and on Augley’s Creek. Iu a 
word, the whole country, from Covington to the Sweet Springs, abounds in limestone. 
It i« found on Sinkiug Creek, on Knapp’s Creek; oil Anthony’s Creek we generally find 
sandstone. On Greenbrier River, above the bridge, we sometimes meet with limestone, 
but the usual formation is of sandstone. 

And it may here he remarked that the feeder-line from Greenbrier River to the sum¬ 
mit-level wiil seldom intersect limestone formations,although we frequently fiud lime¬ 
stone in the vicinity of the Greenbrier, on either side, as high up as Hnntersville, in 
Pocahontas. 


Frtestoue, suitable for constructions, is found on both sides of Greenbrier River, near 
the bridge; of this stone, the piers of the bridge are constructed. 

I examined the country, particularly between Howard’s Creek and Crow’s, on Dun¬ 
lap’s Creek, in the direction of the proposed tunnel between those streams, aud came 
to the conclusion that, in the construction of the tunnel for the principal part of the 
way through the ridge, solid sandstone would be m*t with. 

And whenever th s was not ihe case, which would probably be in the commencement 
and termination of the tunnel, we should probably encounter argillaceous slate and 
sandstone with a slaty structure. 

The soil throughout the whole section of country examined is generally very good, 
but varies in quality in a measure with the different kinds of rock met with, lime¬ 
stone soil being better than sandy soil. 

Coal aud iron ores are the only mineral productions discovered worthy of much notice. 

Coal has been discovered some few miles from the bridge ou Greenbrier River aud 
will probably be found elsewhere, as we have frequently observed formations with 
which it is almost always associated. We have noticed the appearance of it particularly 
between the Greenbrier Bridge aud Lewisburg. We have not, however, seen any speci¬ 
mens of a good quality. 

This section of country is, unquestionably, the repository of numerous beds or de¬ 
posits of iron ore. We are assured of this fact by its appearauce in several plaoes. A 
considerable lead of it is found on John’s Creek, uear New Castle. It also abounds on 
Dunlap’s Creek and its bra>.ches, iu the neighborhood of Covington, aud will, no doubt, 
be frequently met with elsewhere. 

The ore on Dunlap’s Creek is the red oxide and is considered of a most excellent 
qualify. 

All of which I have the honor respectfully to submit, &c. 

John N. Dillahttnty, 

Lieutenant First Regiment Art ilia-y, on Topographical Duty . 
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REPORTS ON IMPROVEMENT OF TIIE GREAT KANAWHA RIVER BY LOCKS AND DAMS, BY 

MR JOHN A. BYERS. 

1 . 

Wingfield, February 1,1663. 

Dear Sir: I*hAve sent to yonr address an estimate of tbe cost cf improving the 
Kanawha River by locks and dams from Lonp Creek to tbe Ohio River. 

I have also sent an estimate for an improvement by locks and dams from Loup Creek 
to Brownstown and from thence down by low dams at the head of the shoals. Bide¬ 
canals along at locks at the foot of the shoals, each of these plans to secnre 5 feet 
depth of water for navigation. 

In planning any system of works for the improvement of a water-coarse, regard 
should be had to the height and character of its floods, and the materials composing 
tbe banks and bed of its stream. 

Passiog by occas onal floods of from 50 to 60 feet as beyond any practical considera¬ 
tion, the Kanawha River is generally visited by one to several tides of from 20 tu 30 
feet every year. 

These floods sometimes occur when New River for 150 miles, Greenbrier for 60 miles, 
Ganley River for about the same distance, are in many parts covered with strong ice, 
these rivers having an average fall of 10 feet to tbe mile. New River, taking its rise 
in tbe warmer climate of North Carolina, is sometimes flooded by rains falling there, 
while it remains dry aud cold west of the Allegbanies. The effect under these circum¬ 
stances is to drive the ice along, accumulating as it goes, nutil it is thrown down npou 
the Kanawha River in a compact mass, and rolled along the bottom of the river, form¬ 
ing dams from shoal to shoal, the destructive power of which should not be overlooked. 
Immense quantities of drift often carried with the flood even trees of the largtst sire, 
with the roots attached and dragging on the bed of the river. 

The banks of tbe Kanawha River range from 40 to 60 feet above low water, and are 
made op of clay, sand, aud vegetable mold mixed in every proportion. The river bed 
is nearly every where covered with a close and strong pavement of bowlders filled in 
between with small stones and gravel. 

Passing below this rocky pavement, which is from 3 to 5 feet in thickness, are found 
alternating strata of gravel and sand, of pure sand, blue clay, and quicksand, reaching 
generally far below the levels required for foundations. 

Solid rock is exposed at Johnson's and Red House Shoals at. a few feet above low 
water, extending only across a portiou of the river, where it sinks abruptly to a level 
inaccessible for building npon. 

I found solid rock at Peeled Maple and Arbnckle Shoals along both shores of tbe river, 
at a very uniform depth of 4$ feet below the surface of low water, and I believe solid 
rock will be found in other places aloug the shallow reaches of the river. 

Considering the character of the river as above described, I have estimated for build¬ 
ing entirely on artificial foundations. Tbe walls of tbe locks, dams, and abutment* 
are to be of masonry laid in hydraulic cement, tbe materials and workmanship to be 
the best of its kind, with, no expenditore merely for the sake of appeararce, aud tbe 
prices applied, except for mortared masonry, are prices now paid tor similar work in 
progress on Coal River. 

In the estimate you will notice what may he considered a large sum for coffer-dams. 
Ac., but, considering all (he difficulties to be encountered, I cannot believe the charge 
materially in excess. 

Coffer-dams will be necessary to the proper execution of the works, and they should 
he carried 4 to 6 feet above the ordinary low water, so as to render all the building- 
season for founding the locks and dams available by being above the ordinary summer 
floods. 

It must be thought of, that, while these locks and dams are in progress, the naviga¬ 
tion of the river will be often obstructed and cccasionally suspended. To economic 
these difficulties the work will have to be pressed, so as to shorten the obstruction to 
navigation, by working night and day, all tending to increase tbe cost of the work. 


ESTIMATE SHOWING THE COST OF IMPROVING THE KANAWHA RIVER FROM LOUP CREEK 

TO THE OHIO RIVER. 

By mortared-maaonry locl'8 and dams. 


12 locks, at 86^,077 . $@16,921 

12 dams, at 874,179 .. i-90, lfc* 

Channels of approach to the locks.. 100.000 

Coffer-dams, pumping, Ac... 60.000 


1 . 367,072 
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By mortared-masonry lochs and dams from Loup Creek to Brownsiown t and side-canals and 

locks below . 


5 locks, at 168,077. $340,385 

5 dams, at $74,179. 370, *96 

Channels of approach to locks. 51,500 

13 locks at foot of the shoals, at $00,600 .787, 800 

13 dams at head of the shoals, at $14,000. 18*2,000 

Side canals. 2*2(1,000 

Coffer-dams and pumping. 90,000 


2,048,580 

By mortared-masonry and timber crib-dams , locks throughout 

12 locks, at $68,077 . $816,9*24 

1*2 dams, at $43,135 . 517,620 

Channels of approach to locks... 100,000 

Coffer-dams and pumping. 60,000 


By timber cribs f locks , and dame. 

12 locks, at $54,805 . 

12 dams, at $43,135 . 

Channels of approach to locks.-. 

Coffer-dams and pumping.. 


1,494,544 


$657,660 
517,6*20 
100,000 
60, p00 


1,335, *2 W 0 


I have endeavored, in the foregoing estimates, to arrive at an aggregate of cost that 
will not vary materially from the truth. There is yet to be added a sum for the pur¬ 
chase of land for abutments and lock-houses, say $3,000, and also for administrative 
expense, which will be common to any plau that may be adopted. 

I feel a great diffidence in recommending any particular plan for the improvement 
of the Kanawha River, while those most interested express such opposite views, but 
after giving thesubject my best consideration I would respectfully suggest that a charter 
be obtained giving a right of choice to improve ihe river, in whoie or in part, by locks 
and dams or by tluices, with the privilege of increasing the number of dams as the in¬ 
terest of the company may demand, aud I would recommend the construction of locks 
and dams at Lykens’s Shoals, at Paint Creek and Cabin Creek Shoals, and perhaps, also, 
at Witcher's Creek. The other points of the river ar« to be improved by collecting the 
water at the bead of tbe shoals into a lateral canal or sluice alongside the shoal, and 
wing-dams, or submerged dams of riprap and gravel below the shoals, so placed as to 
grade the low-water surface to a desceut nowhere more thao three feet to the mile. 
These dams will sometimes extend frouj one shore and sometimes from the other, and 
sometimes extend entirely across tbe river, with a uotch through for the boats tbe size 
of the channel. In short, they will be arranged in every manner to suit local require¬ 
ments. When the river is graded with chaunels of the present width (80 feet ou the 
bottom) and the water collected in the channel, there will be 4 feet depth of water 
when the river is at low-water mark, or 4 inches above what it was in 1838, when, 
ganged by £. H. Gill, esq.; but tbe fact is within my observation of Kanawha River 
that it does not often fall within eight to ten inches of 18118, and instead of 4 feet 
there will be, with few exceptions of short duration, from 4 to 41 feet and upwards. 

It will, however, most likely be necessary to widen the chanuel to 100 feet on the 
bottom for the more safe and convenient passage of steam-tugs with a tow on each side. 
This will rednee the low-water depth to abont 3 feet 3 inches. 

P The channels and various dams should coutine the entire discharge of the river to 
a depth of 6 feet before the walls become submerged. If this is atteuded to, it will at 
once be seen that a general rise of less than 2 feet in tbe river will give 6 feet depth 
for navigation. 

I would remark here that the bed of the river must be graded to a fall of 3 feet per 
mile, as well as the surface. 

Tbe following is an estimate of the cost of improving the Kanawha River as above 
proposed: , 

ESTIMATE FOR TIMBER-CRIB, LOCKS AND DAMS. 


For dams and locks at Lykens, Paint, and Cabin Creek Shoals.. 
For the construction of channels, wing and submerged dams, &c 


$293,820 
450,000 


743,8*20 
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I do not wish to be understood that tbe foregoing estimates are more than a close, 
but full approximation to tbe cost, according to the several plans given. The fall, 
width, and character of the river are taken from carefully-prepared notes of the survey 
made in 1 856-’57- , 58. The cost of a lock or dam has been prepared from pen-sketches 
in sections and plans, and the prices applied for all bnt masonry-work are those now 
being paid on (he Coal River works. 

Respectfully submitted. 

John A. Byers. 

Thos. L. Broun. 


2 . 

Wingfield, February 10,1868. 

Dear Sir : I have thought it best to send yon the estimates 1 have prepared, show¬ 
ing tbe cost of improving the Kanawha River by locks and dams and otherwise. 

I have not said auythiug in regard to the Meadow River Lake, preferring to make 
that a separate report to Colonel Broun or yourself, so that it may be used or not; bnt 
I will Rtate briefly here some of the advantages of such an aid to the improvement not 
only of the Kanawha but of tbe Ohio River. 

By the water b#dd back in the lake a navigable depth of the channel of ^he Kanawha 
can be maintained at 1 feet, for sixty days, during low water, and add 6 inches to the 
depth in the Ohio channels to Cincinnati. In addition to this, it will afford water to 
till tbe bed of the Kanawha for 83 miles to a depth of 6 feet in the channels six times 
during low water, or once every two weeks for three months, and to fill the Ohio River 
below Point Pleasant the same depth for 54 miles; or, if applied uniformly, would ra ; se 
the water in the Kanawha River to 4$ feet for sixty days. And this without grading 
of ihe river, by simply cntting channels at tbe shoals aud removing surface or loose 
rock and gravel bars in otber places. 

Tbe cost for such an improvement would be, faking Mr. Ellet’s estimate for the river, 
as follows: 


8,500 acres of land, at $7...$59,500 

1,800 acres of land, at. $20. 36,000 

500 acres of land, at $50. 25,000 

Cost of removing turnpike. 5, OoO 

Contingencies. 25,700 


154,2u0 

Cost of dam. 215.500 

Cost of improving the Kanawha by channels, &c. 450,000 


819 700 

Tbe $450,000 for the improvement of the Kanawha includes the grading to 3 feet to 
the mile not. contemplated by Mr. Ellet, aud will probably add 6 inches or more to the 
depth of water. 

Mr. Ellet put the channeling of the Kanawha at $125,000, which leaves $325,000 oi 
my est.mate to perfecting tbe improvement of the natural low-water discharge of the 
river. 

I will, however, send a revised statement of this in a day or two. 

One use of the reservoir would be to prevent the freezing over of the river by flood¬ 
ing during cold weather. 

Very respectfully, 

John A. Byers. 

Col. Thomas Smith. 


ESTIMATED COST OF A LOCK OF 7 FEET LIFT, 200 FEET LONG BY 40 FEET IX THE 

CHAMBER. 


3 000 cubic yards excavating earth and gravel above low water, at 40 cents .. $1,296 
5,000 cubic yards excavating earth and gravel below low water, at 75 cents.. 3.750 

500 cubic yards excavating solid rock below low water, at $2. 1,006 

7,300 linear feet of floor-timber, at 30 cents. 2,190 

70,000 feet, board-measure, of following-plank aud pile-plank, at $40 per M.. 2.800 

3.200 cubic yards of mortared masonry, (laid in oement,) at $7... 22,400 

1 100 cubic yards of dry masonry, at $3. 3,300 

3,000 cubic yards of embankment, at 25 cents.... 756 

1,600 cubic yards of paddling, (not paid for as excavation,) at 50 cents. 800 

11.200 bushels of cement, at 50 cents. 5,600 

20,000 linear feet round piles in foundation, at 331 cents. 6,667 
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3,000 linear feet square timber in foundation, at 30 cents. $900 

1,400 cubic yards of rock and gravel filling in foundation, at 60 cents. 720 

Miter-sills. 400 

Lock gates and fixtures. 5,000 

Lock-keeper’s bouse. 600 

Coder dams and buildiug. 10,000 


Total cost of lock. 68, 077 

ESTIMATED COST OF A DAM 600 FEET LONG. 

• 

5,000 cubic yards of excavation of earth, gravel, loose rock, &c., at 75 cents.. §3,750 

22,000 linear feet of round piles under the dam and apron, at 33£ cents. 7,333 

34,000 linear feet of square timber in foundation, at 30 cents. 9,750 

66,000 feet, board-measure, of plank, in foundation, at $35 per M. 2,310 

3,100 cubic yards of stone filling in grillage, at $1. 3,100 

28,*00 pounds iron bblts in grillage, at 1» cents. 2,880 

3,300 linear feet of square timber covering the dam, at 50 cents. 1,650 

23.800 feet, board-measure, of plank flooring of dam, at $40 per M. 952 

16.000 pounds of screw-bolts and spikes iu. flooring of dam, at 15 cents...,. 2,400 

2,730 cubic yards of mortared masonry, (laid in cement,) at $5. 13,650 

1,200 cubic yards of mortared masonry iu abutment, at $4 . 4, *00 

2 500 cubic yards riprapping, at $1. 2,500 

13.*00 bushels of cement, at 50 cents. 6,900 

3,000 cubic yards of stone add gravel tilling against the dam, at 40 cents. 1,200 

1,000 cubic yards rock filled over the gravel, at $1. 1,000 

Coffer-dams, pumping, and bailing. 10,000 


Total cost. 74,175 

MATERIALS AND LABOR FOR A DAM 600 FEET LONG, AND CONNECTED WITH A LOCK OF 

7 FEET LIFT. 

5,000 cubic yards of excavation of earth, gravel, and loose rock. 

2-.000 linear feet of piles under dam and apron. 

32.500 linear feet square timber in grillage and apron: 

66,000 feet, board-measure, of plank floor and sheet-piling. 

3,100 cubic yards of stoue lilliug under floor and aprou. 

28,000 pounds of iron bolts iu foundation. 

3,300 linear feet square timber covering the dam. 

23.800 feet, board-measure, plank and ice-gnard covering the dam. 

16,000 pounds of irou screw-bolt anchors and spikes to secure top of dam. 

2,730 cubic yards of mortared masonry in dam. 

1.200 cubic yards of mortared masonry in abutment. 

2.500 cnbio yards riprap protection of banks. 

3,000 cubic yards stoue and gravel filled against dam. „ 

1,000 cubic yards rock on gravel filled against dam. 

13.800 ba8bels of cement. 

Coffer-dams, pumping, and bailing, $10,000. 

MATERIALS FOR A MASONRY-LOCK OF 7 FEET LIFT. 

3,000 cubic yards of excavation of earth above water. 

5,000 cubic yards of excavation of earth under water. 

500 cnbic yards of excavation of rock, (mostly loose.) 

7,300 linear feet of floor-timbers. 

70,000 feet, board-measure, of planks, flooring, and piling. 

3,200 cubic yards of mortared masonry. 

1,100 cubic yards of dry walling. 

3,000 cnbic yards of embankment. 

1,600 cnbic yards of puddling, (not paid for as excavation.) 

20,000 linear feet of piling in foundation. 

3,000 linear feet of square timber in grillage. 

• 1,200 cnbic yards of rock and gravel filling. 

Lock-gates and miter-sills and fixtures. 

Lock-nouse. 

11.200 bushels of cement. 

Coffer-dams, bailing, and pumping, $10,000. 
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ESTIMATES OF CHANNELS ABOVE AND BELOW THE LOCKS. 
By locks and dams all the way. 


80.000 cubic yards of earth, gravel, &c., at 50 cents.$40,000 

f.0,000 cubic yards of embankment, at 30 cents. 15,000 

15,000 cubic yards of dry walling, at $3. 45,000 

-$100,000 


Est imated cost of dredging, pile-driving, and pumping-machinery for same.. GO, 000 

160,000 

Estimated cost of channels for locks and dams to Brownstoum , and side locks and canal bdem. 


Cbanuel to lock: 

40,000 cubic yards of earth, gravel, &c., at 50 cents.$20,000 

35,000 cubic yards of embankment, at 30 cents. 10,500 

7,000 cubic yards of dry walliug, at $3. 21,000 

- $51,500 

Side canal: 

120.000 cubic yards of excavation of earth, &c., at 50 cents.$63,000 

84,000 cubic yards of embankment, at 30 cents.... 25,200 

92,000 cubic yards of riprapping and paving, at $1.50. 138,000 

- 226,210 


Estimated cost of dredging, pile-driving, and pumping-machinery 


277,7ft! 
90, OW) 


RECAPITULATION. 

Improving locks and dams all the way. 


12 locks each, at $68,077. $816,924 

12 dams each, at $74,179. 890,148 

--$1,707,072 

Channels leading to and from the locks. 100, Oft* 

Dredging, pile-driving, aud pumping-machinery... GO, Oft) 


Total cost by locks and dams all the way. 1,867,072 


Improvement by locks and dams to Brownstown. 


5 locks, of 7 feet lift each, at $68,077...$340,385 

5 dams each, at $74,179 . 370,895 

- $711,280 

Channels leading to and from the locks. 51,5ft) 

Side locks and canals from Brownstown to the Ohio River: 

13 locks of 3.53 feet lift each, at $60,600.$767,800 

13 dams each, at $14,000. 182,000 

- 969, rW 

Side canal. 226,0ft) 

For dredging, pile-driving, and pnmping-machinery. 90,0ft> 


Total cost of locks, dams, aud side canals 


2 , 018 , 58 ) 


3. 

Dear Sir : I desire to add some further views in regard to improving the Kanawha 
River by channels and weirs, which may be useful with some who are doubtful or incred¬ 
ulous as to what may be effected by that raerhod. 

In improving the Kanawha River from Witcher’s Creek down, I propose to eonstract 
a navigable channel 110 feet wide on the bottom with interior side-slopes of 3 to 1. 
These channels will be formed by cuttiug through the bar at the different shoals, clear¬ 
ing away loose rock and gravel aloug the shallows and ripples, and in plaoes by cog-' 
struct iug dams or weirs, for the purpose of distributing the fall of the river so as nowhere 
to exceed 3 feet fall per mile. 

The dams or weirs will generally be placed at right angles with the channel or cup 
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rent of the river; some will be continued entirely across the river, with an opening 
left corresponding with the cross-sectioii of the channel; the bottom of these open¬ 
ings in the dams will also be graded to 3 feet fall per mile. 

Some of the weirs will extend from one or both shores of the river; some will be 
partly and some wholly submerged, and generally they are to have such location, direc¬ 
tion, and extent as will secure the greatest depth of water for a safe continuous navi¬ 
gation. 

The Kanawha River ueeds no further improvement than the cutting of channels at 
the shoals below Witcher’s Creek, where the river is 2 feet above ordinary low water 
at the head of Elk River ShoaL, provided the channels have a direction parallel to the 
current, so that boats and floats will not be wrecked on the side-walls. 

I propose to show what cau be effected in further improvement of the river by the 
addition of side-walls and weirs, as above indicated, during thetime it remains between 
low water and 2.07 above at the head of the Elk ShoaL 

The term “ordiuary low water” is meant to apply to that sttgein the river which 
generally occurs once or more in each year, aud excludes such au extreme year as 1833. 

In the summer of 1838 the river was carefully gauged by E. H. Gills, esq., civil 
engineer, and found to afford 1,150 cubic feet of water per second. 

It has not been as low since that time. I made a similar measurement in 1856, and 
found 1,350 cubic feet per second. It was again gauged by Col. Charles ELlet iu 1859, 
when he found 1,950 cubic feet. 

This last gauging was made at the very time when steamers ceased to run on account 
of low water. 

I propose to adopt a mean of the first and last measurements as the least quantity 
of water to be considered in showing the probable depth which will be obtained after 
making the proposed improvement. 

Iu a channel of the dimensions before given, having an inclination of 3 feet in a 
mile, 1,550 cubic feet will give a depth of 3.25 feet iu the channels; 2,147 cubic feet 
will give a depth of 4 feet, requiring 7 inches rise iu river; 3,035 cubic feet will give 
a depth of 5 feet, requiring 13 inches rise iu river; 4,150 cubic feet will give a depth 
of 6 feet, requiring 18 inches rise in river. 

Mr. Ellet, in his report to the James River and Kanawha Company, states that with 
channels freely cut at the shoals, without otherwise confiniug the water, if it be raised 
so as to give a rise of 2.07 in the river at the head of Elk Shoal, it will give 6 feet 
depth of water everywhere below to the Ohio River. 

The above are approximate figures, but I think are not far from the truth. 

The statement above given shows, by grading the river and coufiuing the low-water 
channel to a width of 110 feet, what a small rise is required to afford the depth of water 
desired. To complete this work I have estimated $450,000, which includes the smaller 
slioals aud shallows between Lyken’s Shoals and Witcher’s Creek Shoal. 

It has occurred to me to make an estimate of the probable depth of water for differ¬ 
ent lengths of time in one year, and I have to say there will be 3 feet and upwards for 
11 months; there will be 4*feet and upwards for 10 months; there will be 5 feet and 
npwards for 9 months; there will be 6 feet and upwards for 7 months; there will be 
:« feet and under for 1 mouth. 


If nothing more is done than to clear out the channels, there will be, perhaps, 3 to 4 
months in each year during which there will be 3 feet and less in the channels. 

The discharge of 1,838 or 1,150 cubic feet per second would reduce the depth in the 
channels I propose to 2 feet 6 inches. 

In fixing the width of the channel at 110 feet, I believe there will be no difficulty 
with a tug passing either way with a tow on each side, as they can and do ascend the 
present channels, which are only 80 feet wide. 

Very respectfully, your obedient servant, 

John A. Byers. 


Tbos. L. Broun, Esq. 


t 


P. S.—I omitted to say that the entire river is intended to be turned into or to pass 
through the channels and weirs np to 6 feet deep, and every rise of the river must first 
expe .d itself iu deepening the navigable water before it spreads over the'whole river¬ 
bed. 

» J. A. B. 


I.AWS OF VIRGINIA AND WEST VIRGINIA RELATING TO IMPROVEMENT OF THE GREAT 

KANAWHA RIVER. 

Chapter 114.—AN ACT to enlarge the powers and define the duties of the Kanahawa board, and to 
authorise them to prosecute the improvement of the Kanawha River. Passed March 3, ieC9. 

Whereas the Virginia Canal Company has failed to comply with the provisions of 
its original charter granted by the State of Virginia on the twenty-ninth day of March, 
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eighteen hundred and sixty-one, and has also failed to comply with the provisions of 
an act of the general assembly of Virginia, passed February third, eighteen hundred 
and sixtv-oue, which was iutended to re-enact and amend said charter, and which last- 
mentioned act was approved by this legislature on the twentieth day of February, 
eighteen hundred and sixty-six ; this legislature, by virtne of the power reserved to it 
by the three before-recited acts, doth hereby announce and declare, that by reason of 
the failure aforesaid, all rights, interest, franchises of the said Virginia Canal Company, 
within the‘jnrisdietion of this State, have forever ceased and determined as fully and 
effectually as if neither of the aforesaid acts had ever been passed; and whereas the 
general assembly of the State of Virginia, having by an act passed March twenty-third, 
eighteen hundred and sixty, entitled “An act to amend the charter of the James River 
and Kanawha Company,” declared “ that in case the said Janies River and Kanawha 
Compauy shall not complete the canal to Covington, or the western terminns of the 
Virginia Central Railroad, within six years from the passage of this act, all the prop¬ 
erty, rights, franchises, and privileges, of every kind and description, of the said com¬ 
pany, snail be transferred to and become the property of the State; ” and the said 
James River and Kanawha Company having accepted the provisions of said act, and 
having failed to complete tt»e canal to Covington, or the western terminus of the Vir¬ 
ginia Central Railroad within six years from the twenty-third of March, eighteen hun¬ 
dred and sixty, so much ot the property, rights, franchises, and privileges of said com¬ 
pany as are situated within the limits of this State became and were vested in the 
State of West Virgiuia, by the thirteenth section of the said act of March twenty-third, 
eighteen hundred and sixty, and by virtne of the act passed on the third day of Feb¬ 
ruary, eighteen hundred and sixty-three, by the geoeral assembly of Virginia, which 
transfers to the State of West Virginia all the property which the State of Virginia 
owned within the limits of this State. The legislature doth therefore declare and 
announce that the Kanawha River, and all dredge and other boats and property under 
the control of the Kanawha board are now the property of this State, free from the 
claims, incumbrances, or control of any party, State, or corporation whatever: There¬ 
fore, 

Be it enacted by the legislature of West Virginia: 

1. The board of public works shall annually appoint five directors for the Kanawha 
hoard, with power to sue and be sued, as a body politic and corporate, who shall have 
control and supervision of the Kanawha River, according to the provisions of the act 
p oviding more effectual means for the improvement of the Kanawha River, passed 
February fifteenth, eighteen bundred and fifty-eight, and an act to amend the charter 
of the James River and Kanawha Company, passed March twenty-third, eighteen 
buudred and sixty, so far as the same may be consistent with the provisions of this 
act. The said board of directors shall hold their offices for one year and until their 
successes a e appointed, and shall have all the powers pertaining to the said board as 
fully as f t tey had been appointed according to the provisions of the said act, passed 
Febtuary tilteeuth, eighteen hundred and fifty-eight. The board of public works shall 
on the fifth day of March, in each year, or as soon thereafter as practicable, appoint 
two collectors and one superintendent, who shall hold their offices for the term of one 
year and until their successors are elected and qualified. 

2. The Kanawha hoard is hereby authorized to borrow not exceeding two hundred 
thousand dollars for the purpose of improving the navigation of the Great Kanawha 
River, and payiug the just debts contracted by said board on account of said river; 
and may issue bonds therefor with coupons attached, bearing any rate of interest not 
exceeding teu per cent, per annum, aud as security for the payment of the same, may 
execute a lien or liens on the Kanawha River, the improvement thereof, the revenue 
arising therefrom, and on all the property now in possession of or under the control of 
said board. The said bonds shall be payable at not more than twenty years from 
tlieir date, hut the said board may reserve the right to redeem or pay the same at any 
time after five years from the date thereof, provided that in no event shall the State 
of West Virginia be liable for any of the debts or contracts of said Kanawha board. 

.3. It shall be the duty of the Kanawha board to prosecute the improvement of the 
Kanawha River either by contract or by agents of the board upon a plan and speci¬ 
fications to be rMpmmended by a competent engineer and approved by the board, and 
the said board shall expend in such improvement the surplus tolls arising from the 
river, which may not be required to meet the present liabilities of the board, or *o 
pay the interest on the bonds authorized to be issued by this act, and to provide a sink¬ 
ing-fund to pay such bonds at maturity. 

4. The treasurer and collectors of tolls shall severally execute bonds with good se¬ 
curity, aud in an amouut to be approved by the Kanawha board, for the faithful dis¬ 
charge of their resp?ctive duties, and the prompt accounting for and payment of 
all moneys that may come into their possession. The collectors shall render weekly 
accouuts of the tolls collected by them, and shall pay to the treasurer at the eud of 
each week the money that they may have received during the preceding week. 
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5. The officers and agents of the company maybe allowed a reasonable compensation 
for their services, to be fixed by the Kanawha board,but the collectorsof tolls shall be 
allowed a commission on the amount received and paid over by them, as a compensa¬ 
tion for their services, to be fixed by the Kanawha boards 

6. One of the collectors of tolls shall be stationed at Charleston an d the other at 
Point Pleasant, and their collection-district shall be so arranged as to sec ure the collec¬ 
tion of all the tolls. 

7. The Kanawha board shall make semi-annnal reports to the board of public works 
of all their transactions, and the amount of money received and the manner of expend¬ 
ing the same, which report shall be published in a uewspaper at the seat of govern¬ 
ment. 

8. The Kanawha board may elect one of their number president, who shall perform 
snch duties as may be assigned to him by the said board, for which he shall receive a 
reasonable compensation, to be fixed by said board. Each director shall be entitled 
to $3 for each day’s attendance on the meetings of the board. 

9. After the improvement of the river and the payment of the debts contracted 
therefor, the rate of tolls shall be reduced so as to yield only a sum sufficient to pay 
expenses and keep the works in repair. 

10. The Kanawha board shall have power to collect tolls at not exceeding the follow¬ 
ing rates: For commodities transported on steamboats, flat-boats, barges, and all other 
description of water-craft, between Charleston and the month of the river, and in the 
same proportion for transportation for less distance; that is to say, on salt, 4 mills 
per bushel; on wheat, beans, pease, dried fruit, flax and other seeds, 1 cent per 
bushel; on corn, potatoes, apples, and corn-meal, 4 mills per bnshel; on bacon, 3 
cents per 100 pounds; on lard, bntter, cheese, and tallow, 4 cents per 100 pounds; 
on sngar, 4 cents per 100 pounds; on coffee,5 cents per 100 pounds; on cordage, 4 cents 
per 100 ponnds: on nails, iron, and hemp, 3 cents per 100 pounds; on flour,3 cents per 
barrel; on cider, vinegar, and pickles, 6 cents per barrel; on pork, beef, and molasses, 
8 cents per barrel; on linseed, lard, and refined coal or petroleum oil, 10 cents per 
barrel; on crude petroleum, or coal oil, 8 cents per barrel; ou whisky, rum, braudy, 
gin, and foreign wine, 1 cent per gallon ; on native wine, 10 cents per barrel; on ale 
and beer, 5 cents per half-barrel, and in the same proportion for larger or smaller 
packages; on salt fish, 10 cents per barrel; on manufactured tobacco,5 cents per 100 
pounds; on leaf tobacco, 3 cents per 100 ponnds; on live and slaughtered hogs, 5 cents 
each; on dry goods, 10 c nts per 100 pounds; on pig-iron, 20 cents per ton ; on empty 
barrels, 2 ceuts per 100; ou hoop-poles for barrels, 3 cents per 1,000; on hogshead- 
poles, 10 ceuts per 1,000; ou pipe-stave^, 20 cents per 1,000; on all articles not enumer¬ 
ated, 4 ceuts pep 100 pounds; on coal, at the rate of 1 mill per ton per mile; on steam¬ 
boats carrying passengers, | cent per passeng r per mile for each passenger carried ; on 
lumber and timber, 75 cents per thonsaud feet, board-measure. 

11. In the event that the board of public works should elect hereafter to proceed 
Against the Virginia Canal Company or the James River and Kanawha Company by 
inquisition, inquest, or judicial proceeding, more formally to ascertain the termination 
of their franchises over the Kanawha River, authority is hereby vested in it to insti¬ 
tute snch proceedings in the name of this State; aud full benefit of such procedure shall 
inure to the State of West Virginia and of the perfecting of its title to the Kanawha 
River. 

12. All acts and parts of acts iuoousistent with the provisions of this act are hereby 

repealed. , 


Chapter 115.—AN ACT to provide for the improvement of the Great Kanawha River. (Passed 

March 3, 1S69.) 

Whereas the Virginia Canal Company has failed to comply with the provisions of 
its original charter, granted by the State of Virginia ou the 29th day of March, 1861, 
and has also failed to comply with the provisions of an act of the general assembly 
of Virginia, passed 3d of February, 1866, which was intended to re-enact and amend 
said charter, and which last-mentioned act was approved by this legislature on the 
29th day of February, 1866; this legislature, by virtue of the power reserved to it 
by the three before-recited acts, doth hereby announce and declare that by reason of the 
failure aforesaid, all rights, interests, and franchises of the said Virginia Canal Compauy 
within the jurisdiction of this State have forever ceased and terminated as fnlly and 
effectually as if neither of the aforesaid acts had ever been passed ; and whereas the 
general assembly of the State of Virginia, having by the thirteenth section of an act 

S assed 23d March, 1860, eutitled “An act to amend the charter of the James River and 
[anawha Company,” declared “ that in case the said James River and Kanawha Com¬ 
pany shall not complete the canal to Covington or the western terminus of the 
Virginia Central Railroad witbiu six years from the passage of this act. all the property, 
rights, franchises, and privileges of'every kind and description of the said company 
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shall be transferred to and become the property of the State.” And the said James 
River and Kanawha Company having accepted the provisions of said act, and having 
failed to complete the canal to Covingtou or the western terminus of the Virginia 
Central Railroad within six years from the 23il March, 1860, so much of the property, 
rights, franchises, and privileges of said company as are situated within the limits of 
this State, became and were vested in the State of West Virginia, by virtue of the 
said thirteenth section of the act aforesaid, and by virtue of the act passed 3d.of 
February, 1863, by the geueral assembly of Virginia, which transfers to the State of 
West Virginia all the property which the State of Virginia owned withiu the limits of 
this State. The legislature doth therefore declare aud announce that the Kanawha 
River is now the property of this State, free from all claims, incumbrances, or control 
of any party, State, or corporation whatever: Therefore, 

Be it tnacted by the legislature of West Virginia: 

1. That the governor of West Virginia, James H. Brown, and Charles W. Smith, of 
Kanawha County, Daniel H. K. Dix, of Putnam County, and John M. Phelps, of Mason 
County, are hereby appointed commissioners on the part of the State of West Virginia, 
whose duty it shall be to offer the benefits of this charter for the acceptance of capi¬ 
talists, so as to secure toe improvement of the navigation of the Great Kanawha River 
from its mouth to Loup Creek Shoal. To this eud they, or a majority of them, are 
empowered to contract with auy person or incorporated company who shall give the 
bewt terms, aud the most satisfactory assurances of capacity and responsibility; and 
to iiftroduce into gaid coutract any additional stipulations for the benefit of the State 
and in furtherance of the purposes herein declared, and not inconsistent with this act; 
which said contract shall be. to all intents and purposes, asninch a part of this charter 
as if the same had been herein included at the time of the passage of this act. The 
persons upon whom the benefits of this charter may hereafter be conferred, and who 
may be duly orgaulz^d as a company, shall thereup >n be constituted a corporation, 
under the name and style of the “ Great Kanawha Improvement Company , n and shall 
have all the powers, rights, and privileges conferred by code of West Virginia on sim¬ 
ilar corporations, subject, however, to the restrictions therein contained, so far as the 
same are applicable to, and not inconsistent with, the provisions of this act. The cer¬ 
tificate of the commissioners of the due execution of the said contract, and the organi¬ 
zation of the corapauy, shall operate to confer on said company all the benefits of this 
charier: Provided , That no such contract or transfer of the river and other property of 
this State shall take effect until approved by the board of public woiks of this State: 
Provided further, That said commissioners shall not directly or indirectly receive any 
emolument from, or have any interest in, any company created by this act, except that 
they may each receive their necessary expenses incurred in the execution of the doty 
imp sed upon them by this act from said company, when organized, aud the State 
shall not be liable for any of the expenses of said commissioners. 

2. The capital stock of said company shall not he less than five hundred thousand 
dollars, nor more than four million dollars, to be divided into shares of one hundred 
dollars each. Aud any railroad, mining, manufacturing, banking, or other incorpo¬ 
rated company, may subscribe to the stock, and guarantee the bonds of the Great 
Kanawha Improvement Company. 

3. When the company shall have been duly organized, it shall be the duty of said 
commissioners to certify the fact to the Kanawha board, and thereupon it shall be the 
duty of the Kanawha board to turn over to the said Great Kanawha Improvement 
Company the possession, nse, and control of the Kanawha River, and the property 
hereinafter mentioned, to be held, used, and enjoyed, in pursuance of the provisions of 
this charter. 

4. All dredge and other boats in the possession of the Kanawha board, and pertaining 
to the improvement of the river, with all other property of every kind thereto per¬ 
taining. shall belong to the said company when it takes control and possession of the 
river; but the said company shall pay off and discharge all the debts and liabilities 
incurred for the purchase of the same, iuclnding mortgage-bonds issued by the Ka¬ 
nawha board nnder the authority of the legislature. 

5. The company shall place and keep good buoys aud ring-bolts, wherever needed, for 
the guidance, safety, and convenience of navigators. 

6. The company shall have power to appoint receivers of tolls at snch points as it 
may designate. 

7. When the company takes control and possession of the river, and shall have ex¬ 
pended $100,000 in improving the same, it shall have power and authority to collect 
tolls at the following rates for com modi ties transported on steamboats, flat-boats, barges, 
and all other desiription of water-craft, between Charleston and the mouth of the 
river, and in the same pronortioo for transportation for less distances. That is to say: 
On salt, 4 mills per bushel; on wheat, beans, pease, dried fruit, flax and other seeds, 1 
cent per bushel; on corn, potatoes, apples, and corn-meal, 4 mills per bnshel; on bacon, 
3 cents per 100 ponnds; on lard, batter, cheese, and tallow, 4 cents per 100 pounds; on 
sugar, 4 cents per 100 pounds; on coffee, 5 oents per 100 pounds; on cordage, 4 cents per 
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100 pounds; on nails, iron, and hemp, 3 cents per 100 pounds; on flonr, 3 cents per bar¬ 
rel ; on cider, vinegar, aud pickles, 0 cents per barrel; on pork, beef, and molasses, 8 
cents per barrel; on linseed, lard, and refined coal or petroleum oil, 10 cents per barrel; 
on crude petroleum or coal oil, 8 cents per barrel; on whisky,rum, brandy, gin, and 
foreign wine, 1 cent per gallon; on native wine, 10 cents per barrel; on ale and beer, 5 
cents per half-barrel, and in the same proportion for larger or smaller packages; on 
salt fish, 10 cents per barrel; on manufactured tobacco, 5 cents per 100 pounds; on 
leaf-tobacco, 3 cents per 100 pounds ; on live and slaughtered hogs, 5 ceuts each ; on 
dry goods. 10 cents per 100 pounds; on pig-iron, 20 cents per ton ; on empty barrels, 2 
cents per 100; on hoop-poles for barrels, 3 cents per 1,000; on hogshead-poles, 10 cents 
per 100; on pipe-staves, 20 cents per 1,000 ; on lumber, 75 cents per 1,000 feet, board 
measure; on all articles not enumerated, 4 cents per 100 pounds; on coal shall be 
charged tolls at the rate of 1-} mill per ton per mile; and steamboats carrying passen¬ 
gers, | cent per passenger per mile for each passenger carried. And when the company 
shall have completed any section of ten miles or more of the improvement above 
Charleston, it may collect additional tolls thereon, aud in proportion to the rates 
authorized to be collected below Charleston. And when completed, if the foregoing 
rates of toll shall not produce a net average annual revenue of 15 per cent, on the 
amount expended on the river by this company, then the company may increase pro 
rata the said tolls, so as to produce a net average annual revenue of 15 per cent. 

8. When the company has completed the improvement of the river according to its 
charter, if at any time it is ascertained that its net annual revenue exceeds an aver¬ 
age of 15 per ceut. per annum, on the application of any toll-payer the judge of the 
circuit court of Kanawha County shall appoint three discreet disinterested freeholders 
residing within his circuit, who shall revise equitably the tariff of tolls herein pro¬ 
vided, so as to produce, in their judgment, .as near as may be, the net average annual 
income of 15 per cent, on the capital expended by this company. Said commissioners 
shall make their report to the said judge, who shall on hearing confirm the said report 
or recommit until said tariff is by. him approved, which shall then be the tariff' by 
which tolls shall be collected. 

9. The navigation, improvements, and property of the company shall be exempt from 
taxation until the net income arising therefrom shall be 6 per cent, per annum. 

10. Manifests (under oath, if required) of the cargoes of all boats navigating the 
Kanawha River shall be filed with the receiver of tolls, designating the names of the 
cargoes, of their owners, aud the masters of the boats or other vessels in which said 
cargoes shall be shipped, and of the boats and vessels, together with those of the ship¬ 
pers or other agents having the control or direction of the said cargoes, and the legal 
tolls shall be demanded and paid to the collector of tolls accordingly. In all cases of 
failure to comply with the regulations hereby established and to pay the tolls afore¬ 
said, it shall be the duty of the said receiver to seize and hold the boat or other vessel 
concerned in the neglect and evasion thereof until the law is fully complied with; and 
if that be not done within the space of ten days from the time of such seizure it shall 
be lawful for the receiver of tolls, after giving five days* previous notice of his inten¬ 
tion, by advertisement at the door of the court-house of Kanawha County, to sell at 
public auction, for ready money, so much of the said cargoes of said boat or vessel as 
will be sufficient to pay the tolls due, with the addition of 50 per cent, thereon, imd 
the necessary expenses incurred by the said receiver in seizing, securing, and taking 
care of the said vessel and cargo; and the said boat or vessel, with the remaining 
cargo and any balance of money which may remain from the sale aforesaid, shall be 
returned to the lawful owners or proprietors thereof, or to their agents. The said com¬ 
pany, their receivers or agents, may sue out auy attachment before any justice against 
boats and cargoes upon the Kanawha River, for tolls due and unpaid by the said boats, 
their owners, masters, or shippers, which attachment shall be prosecuted as in other 
cases of attachment for debt. 

11. The receiver of tolls shall be authorized to board and enter boats or other vessels 
in the said river, whether in the stream or at anchor, or at the landing on either shore, 
or the Kanawha River, and to demand and receive the legal tolls on all commodities 
contained in said boats or vessels, whether fully or in part loaded, and in case of fail¬ 
ure to pay the said tolls when thus demanded, the boats and vessels and the cargoes 
thereof shall be liable to seizure, sale, and disposition in all respeots as prescribed in 
the foregoing section. And all and every person or persons on board of any boat or 
other vessels in the said river, and having control of the same, refusing or neglecting 
to come to, when required by fhe receiver to do so, shall forfeit and pay tweuty dollars 
to the use of said company, to be recovered before any justice of the peace; and all 
persons resisting the said receiver in the execution of any powers given to him by law 
shall be dtemed guilty of a misdemeanor, and be prosecuted accordingly. 

12. All persons, whether principals or agents, who shall ship off, or authorize to be 
shipped off, any article subject to the payment of toll, without first having entered 
the same with the receiver of tolls, as herein prescribed, and having paid the tolls due 
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thereon, shall forfeit and pay three times the amount of the tolls on the articles so 
shipped off, to be recovered for the use of said company before any justice. 

13. The receivers of tolls are hereby authorized to prosecute, in the name of the com¬ 
pany, in the usual form, for any penalties, forfeitures, or punishments authorized and 
sanctioned by this act. 

14. The company may proceed to condemn any lands which will be overflowed by 
reason of its improvements, and as many as five acres in one place, for erecting thereon 
locks, abutments, toll-houses, and other buildings necessary for navigation purposes, 
and may proceed to take from the adjacent lands any rock or earth necessary for its 
improvement. But before overflowing lands, or taking lands and materials, the said 
company shall proceed to ascertain the value of the lands to be overflowed, and of the 
lands aud of the materials to be taken, in the method provided inthc Code of West 
Virginia, so fur as the same is applicable to the circumstances, mutatia mutandis. 

15. The company is required to commence bona fide the improvement of the Kanawha 
River within six mouths from the time it takes possession thereof, and to complete the 
improvement within five years thereafter. The upper part of the river, from Loup 
Creek Shoals down to such point as may be deemed necessary by tbe company, shall 
be improved by locks and dams. The residue of the river shall be improved upon such 
plau as may be recommended by engineers and adopted by the company. And if the 
plan of sluices should be adopted for any part of the river, tbe channel should be con¬ 
structed of a proper width, grade, and depth, to be recommended by engineers and ap¬ 
proved by the company and the said commissioners. Aud all the water flowing iu tbe 
river shall be confined, os far as practicable, in the channels until they are full. The 
company shall expend not less than $1,000,000 in improving tbe navigation of the river 
within five years from tbe time it takes possession thereof and shall expend not less 
than $*200,000 during tbe first year thereof. In the event of failure to expend the speci¬ 
fied amount, or to complete tiie improvements within the time required by tbe charter, 
tbe rights aud franchises of tbe company shall cease and terminate. 

16. The company may borrow niouey, and may issue bonds, with coupons attached, 
bearing any rate of interest not exceeding 8 per cent, per annum, and may sell said 
bonds at a discount, and as security for the payment of the same may execute a mort¬ 
gage or deed of trust upon its corporate franchises and all its property, real, personal, 
and mixed. 

17. The company is hereby Authorized and empowered, if it shall so elect, to continue 
its water-line up the Kanawha Valley to New River, and thence up New River to the 
State line in the comity of Mercer, and also up Greenbrier River to Howard’s Creek, 
either by canal, sluices, locks and dams, or all or auy combined. Should it elect to ex¬ 
tend such improvement, it is hereby authorized to increase its capital stock not exceed¬ 
ing ten millions of dollars additional, aud to borrow money, as before provided. 

Id In tbe event that tbe said company should elect hereafter to proceed against the 
Virginia Canal Company or the James River and Kanawha Company by inquisition, 
inquest, or other judicial proceeding, more formally to ascertain th§ termination of their 
franchises over the Kanawha River, authority is hereby vested iu it to institute such 
proceedings in the name of the State; and full benefit of such procedure shall inure 
to the sai4 company, aud of the perfecting of its title to the Kauawha River, at its 
own expense. 

19. If hereafter, by authority of tbe legislature of Virginia and of West Virginia, 
any compauy shall be duly organized to construct a water-line from tbe Ohio River to 
the waters of Chesapeake Bay, that the company herein authorized may, with its con¬ 
sent, become a part of such enlarged organization, or may sell its works and franchises 
to such organization upon such terms as may be agreed upon. In no event, however, 
shall it prevent the establishment of such water-line, provided such through water-line 
company shall pay this company the fair cash value of the improvements made in 
money expended on the river under this charter and the future amendments thereof, 
which value shall be ascertained by arbitrators; and iu estimating the value thereof 
no compensation shall be allowed for the franchises of the river or this charter, as the 
State hereby transfers said franchises to the Great Kanawha Improvement Compauy 
witbont compensation. 

20. The*company is hereby authorized and empowered to acquire land by purchase, 
in payment of stock, or otherwise, and to lease, sell, and dispose of the same at its 
pleasure. 

21. Should the commissioners contract with any incorporated company to improve 
the navigation of the Great Kanawha River, such company shall have all tbe rights, 
interests, privileges, and franchises which by this act would be conferred upon the 
“ Great Kanawha Improvement Company,” if organized. 

2*2. The governor is authorized to fill any vacancy that may occur in the board of 
com m issi oners. 

23. When the Great Kanawha Improvement Company takes possession of the river 
in pursuance of this act, then all acts or parts of acts inconsistent with the provisions 
of this charter are repealed. 
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24. This charter shall remain and be in full force one hundred years from its date. 
But the right is hereby reserved to the legislature to alter or amend this act at its 
pleasure. And if the commissioners fail to make a contract, and the work be not com¬ 
menced according to the provisions of this charter within two years from passage of 
this act, then, and in the event, this act shall terminate. 


STATEMENT OF MR. O. HENDRICK, ATTORNEY FOR KANAWHA BOARD. 

Before the year 1858 the Kanawha River was a part of the property of the James 
River and Kanawha Company, a corporation created by the laws of Virginia; 

February 15, 1858, (Acts of 1857-08, page 91,) It created the Kanawha board, con¬ 
sisting of five directors, and the president of the James River and Kanawha Company, 
who were interested, with the control, management, and supervision of the Kanawha 
improvement, subject to the instructions of the stockholders of the coinpauy. The 
improvement to be from the month of Loup Creek. 

The above act was amended by an act on page 113 of Acts of Virginia of 1859-’60. 
The improvement of the Kanawha River to be under the exclusive control of the 
Kanawha board. To improve from mouth of Loup Creek. Registered stock of State 
to be issued. (See section 9.) Company to accept same before it goes iuto effect, &c. 

Other acts were passed that need not be referred to here. 

In the year 1869 the legislature of West Virginia passed an act (see Acts of West 
Virginia, 1869, page 75) which fixes definitely the status of the Kanawha River 
improvement. The preamble declares all rights, franchises, &c., of the old company 
forfeited to the State of West Virginia, so far as they are situated within the limits of 
the State. 

Section 1 provides that the board of public works shall annually appoint five direct¬ 
ors, with power to sue, &c., to have control and supervision of the river, and provide 
for its improvement, &c., according to the provision of act of February 15,1858, aud 
the act to amend, passed March 23,1860. 

Section 2 provides for borrowing money, issuing bonds, &c., not to exceed $200,000, 
to execute liens, &c. 

Section 3 gives plan of improvement. 

The Kanawha board have bonds outstanding, with coupons attached, (10 per cent.,) 
secured by mortgage on improvement, &c., amounting to about $17,000; probably 
$ 20 , 000 . 

The legislature of West Virginia, on the 21st of December, 1872, (Acts of 1872-73, 
pages 751-752,) adopted a joint resolution, authorizing the board of public works to 
appoint nine (9) commissioners, to coufer and negotiate with any commissioner or per¬ 
son who may be authorized to act on behalf of the United States in regard to the 
transfer of the rights, privileges, and franchises on said improvement, (three-fourths 
of them to act, &c.,) from the month of the Kanawha to month of Gauley, and over 
the New River from the mouth of Gauley to the mouth of Greenbrier, aud over this 
from its mouth to the mouth of Howard’s and Anthony’s Creeks, &c. 

The commissioners were appointed by the board of public works some time ago. I 
think Hon. A. T. Capertou, of Monroe County, and William A. Quarrier, of Kauawha, 
were two of them. The nurnes of all may be obtained from the records of the board of 
public words.* 

C. Hedrick, 

# Attorney for Kanawha Board . 

Charleston, W. Va., March 15,1875. 

The property owned by the Kanawha board is worth $15,000 or $20,000. 

C. H. 


JOINT RESOLUTION providing for the transfer of certain rights aod franchises of the State of West 

Virginia to the United States. 


Whereas the Congress of the United States recently made an appropriation for a 
survey to ascertain whether it was practicable to construct a coutiunous water-line 
through this 8tate to connect the waters of the Mississippi Valley with the Chesapeake 
Bay, and the engineers employed for that purpose have shown that such a line is 
practicable; and whereas the State of West Virginia regards tbe said line as a work of 
national importance, and is anxious to afford every facility for the constraction of the 
same: Therefore, be it 
Resolved by the Legislature of West Virginia: 

1. That tbe State of West Virginia hereby agrees to transfer all tbe rights, privi- 
*For names and address of oommUsijners, see end of joint resolution atuwliod, of December, 13«2. 
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leges, and franchises now owned or possessed by the State in the Kanawha Biver 
improvement, and the chutes, dams, wing-dams, channel, and all other work heretofore 
done in the Kanawha River, together with jurisdiction in and over the Kanawha 
Ri ver from its mouth to the mouth of Ganley River, and over the New River from the 
mouth of the Gauley to the mouth of Greenbrier River, and over the Greenbrier River 
from its month to the month of Howard and Anthony Creeks, and from the month of 
said creeks to the State line, and also the right, power, and franchise to construct, 
maintain, and operate a good and substantial through water-line from the month of 
the Kanawha River to the Chesapeake Bay, so far as the said water-line shall piss 
through aud be located in this State* Provided , That the rights, privileges, aud fran¬ 
chises herein mentioned shall never be so exercised as to affect or impair any light 
now vf sted in the Chesapeake and Ohio Railroad Company by or under the laws of 
this State. 

2. The board of public works is hereby authorized to appoint nine com mi ssi oners on 
the part of the State, one to he chosen from each judicial circuit, any five or more of 
whom may act, to confer and negotiate w ith any commissioners or persons who may be 
authorized by law to act for and on behalf of the United States, in regard to a transfer 
to the United States of the said rights, privileges, aud franchises. Three-fourths of the 
said commissioners, at least, shall consent to any contract or agreement that may be 
proposed touching the said transfer. 

3. That the said commissioners shall, as soon as a contract is proposed to them, 
which they, or three-fourths of them, may deem acceptable and jnst, transmit it to the 
governor of this State, who shall submit the same to the legislature for their action, if 
it be in session at the time, and if the legislature be not then in session he shall con¬ 
vene it as speedily as possible for that purpose. 

4. That the State of Virginia be respectfnlly requested to take concurrent action in 
the matter referred to in the foregoing resolutions, and that a copy of the same be sent 
by the governor of this State to the governor of Virginia, with tli^ request that he 
lay them before the legislature of that State. 

Adopted December 21, 1872. 

In accordance with this joint resolution the board of public works appointed the fol¬ 
lowing commissioners: A. J. Pauuel, of Wheeling; James Morrow, Fairraonnt; W. H. 
Travers, Charlestown, Jefferson County; C. F. Scott, Parkersburg; J. M. Bennett, 
Weston ; W. A. Quarrier, Charleston, Kanawha Couuty; A. T.Capertou, Union, Monroe 
County ; John Douglass, Princeton, Meicer County ; and James D. Armstrong, of-. 

The commissioners have never t&keu any action. 

Makch 15, 1875. 

The hoard of public works cousists of the governor, auditor, treasurer, superintend¬ 
ent of free schools, and attorney-general. (Acts of 1S72-’7J, page 71.) 


AN ACT to amend and re-enact section one of chapter oue hundred and thirty-two of the acta of 18TJ- 

73, entitled “An act giving the consent of the legislature of the State of West Virginia to purchase. 

by the United States, of laud within this State, for public purposes.” 

Be it enacted by the legislature of . West Virginia , That section one of chapter one hun¬ 
dred and thirty-two of the acts of 1872-73 be amended and re-enacted so as to read as 
follows: 

1. That the consent of the legislature of West Virginia be, aud the same is hereby, 
given to the purchase, heretofore or hereafter, by the Government of the United States, 
or nuder authority of the same, of any tract, piece, or parcel of land from any individ¬ 
ual or individuals, bodies politic or corporate, within the boundaries or limits of the 
State, for the purpose of erecting thereon light-houses, beacons, works for improving 
navigation, post-offices, custom-houses, or any other needful public structures or works 
of improvement whatever; and all deeds, couveyauces of title, papers for the 6ame. 
shall bo recorded, as in other cases, upon the land-record of the county in which the 
laud so conveyed may lie, aud in case such land cannot be aeqaired by purchase, the 
same may be acquired by said Government by condemnation, according to the laws of 
this State providing for the taking of lands without the owners’ consent, for purposes 
of public utility : Provided , That the quantity of land shall not, at any one place, exceed 
twenty-five acres, aud that the State of West Virginia hereby reserves the right to exe¬ 
cute process, both civil and criminal, witbiu the limits of any lot or parcel of land so 
purchased or acquired, as aforesaid, by the United States, the consent herein and here¬ 
by given being in accordance with the seventeenth clause of the eighth section of the 
first article of the Constitution of the United States, aud with the acts of Congress in 
such cases made and provided. 

Approved December 25, 1875. 
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AN ACT to aid in tho improvement of the Fox and Wisconsin Rivers, in the State of Wisconsin. 


Be it enacted by the Senate and House of Representatives of the United States of America 
in Congress assembled. That whenever, in the prosecution and maintenance of the im¬ 
provement of the Wisconsin and Fox Rivers, in the State of Wisconsin, it becomes neces- 
sa*y or proper, in the judgment of the Secretary of War, to take possession of any lauds, 
or the right of way over any lands, for canals and cut-offs, or to use any earth-quarries 
or other material lying adjacent or near to the line of said improvement, and needful 
for its prosecution or maintenance, the officers in charge of said works may, in the 
name of the United States, take possession of and use the same, after first having paid 
or secured to be paid the value thereof, which may have been ascertained in the mode 
prone ed by the taws of the State wherein such property lies. In case any lands or 
other property is now or shall be flowed or injured by means of any part of the works 
of said improvement heretofore or hereafter constructed for which compensation is now 
or shall become legally owing, aud in the opinion of the officer in charge it is not pru¬ 
dent that the dam or dams be lowered, the amount of such compensation may be ascer¬ 
tained in like manner. The Department of Justice shall represent the interests of the 
United States in legal proceedings under this act, and for flowage-damages hereinbe¬ 
fore occasioned. 

Sec. 2. That a portion of the appropriation now made for the further prosecution of 
tbo improvement aforesaid, not exceeding in amount twenty-five thousand dollars, may 
be applied in payment for the property and rights taken and used as aforesaid. 

Approved March 3, 1875. 
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REPORTS UPON BRIDGING NAVIGABLE WATERS OF THE 
UNITED STATES—PROTECTION OF PUBLIC WORKS FROM 
TRESPASS OR INJURY—INVESTIGATION OF ACCIDENTS 
ON RAILROADS. 

W i. 


CONSTRUCTION OF RAILROAD BRIDGES ON THE MISSISSIPPI RIVER BE¬ 
TWEEN SAINT PAUL, MINNESOTA, AND SAINT LOUIS, MISSOURI. 

Engineer Office U. S. Army, 

Newport , R. i., July 1, 1877. 

General : I have the honor to submit the following report of pro 
gress in preparing the report on bridging the Mississippi River, between 
Saint Louis and Saint Paul, ordered by Congress in 1866. 

This report has been so long in hand because of other more pressing 
duties, and there has beeu an almost continual increase of new and 
important data relating to the subject. Previous to the past fiscal year 
the surveys had not included the bridges and changes made since 1870, 
but in October and November last the additional surveys were made to 
bring the matter up to that time. 

The maps have all been completed, aud a copy filed at engineer head¬ 
quarters in Washington. Auother copy is also well advanced, prepared 
specially for publication by the photolithographic process. 

All the material needed for the report has now been obtained, and the 
report is nearly finished, but it had to be put aside, temporarily, on 
account of the operations at this station. It is expected to complete 
the report in the autumn. 

The information about existing bridges obtained by me, as far as it 
was needed, was laid before the Board upon sheer-booms, of which I 
was a member, last February ; and tracings from the bridge maps were 
submitted with the report of the Board. 

Very respectfully, 

G. K. Warren, 

Major of Engineers and Bvt. Maj. Gen., U. S. A. 

'Brig. Gen. A. A. Humphreys, 

Chief of Engineers , V . 8. A. 


W 2 . 

SHEER-BOOMS FOR BRIDGE-PIERS ON THE MISSISSIPPI RIVER. 

Office of the Chief of Engineers, 

Washington , D. 6\, February 19, 1877. 
Sir: To enable the honorable Secretary of War to comply with the 
requirements of “An act for the further security of navigation on the 
Mississippi River,” approved March 3,1875, 1 beg leave to submit the 
52 E 
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inclosed copy of the Report of the Board of Engineers constituted to 
consider the subject of “causing sheer-booms to be placed on the upper 
end of all or any bridge-piers on the Mississippi River, for the better 
security and convenience of the navigation of said river for rafts of logs 
and timber, with specific report in each case,” and to invite attention to 
the recommendations contained therein. 

The report states clearly and concisely the difficulties experienced by 
rafts in passing the several bridges over the Mississippi River, and rec¬ 
ommends the placing of sheer-booms at the following, viz: 

Railway-bridge at Wiuona. 

Railway-bridge at La Crosse. 

Railway bridge at Dubuque. 

Railway-bridge at Clinton. 

Rail and highway bridge at Rock Island. 

Railway-bridge at Burlington. 

Rail and highway bridge at Keokuk. 

Railway-bridge at Quincy. 

Kail aud highway bridge at Hannibal. 

Railway bridge at Louisiana. 

Floating structures are intended wherever booms are recommended, 
unless a fixed boom ip specifically mentioned. 

The Board gives generally the conditions which the sheer-booms 
should fulfill: 


They Rliould be stable enough to resist the ^ock of colliding rafts and vessels with¬ 
out overturning, and should have strength sufficient not to break uoder impact at any 
point. They should not have a less draught than SO inches, aud should project above 
the water-surface at least 6 feet, in order to prevent the guards of steamers from pass¬ 
ing over them and breaking their wheels. The submerged faces of the booms on the 
sheering side sbonld be smooth, and the faces above water should be so arranged as to 
allow vessels to mb against them without injury to themselves or the booros^ and 
the booms should furthermore fulfill their duties at all stages of water. All pivot-pier 
guards should be planked longitudinally from 30 inches below low-water to 6 fe«-t 
a*»ove high-water, and these guards sbonld inclnde thS pivot-piers, so that no projec¬ 
tion of the latter shonld be exposed beyond the face of the guards. 


The Board, wliile confiniug its recommendations to aiding the passage 
of rafts, incidentally considered the passing of steamboats, beiug care¬ 
ful not “ to recommend anything for the former that would be detri¬ 
mental to the latter. 77 Iu several cases it fouud the importance of further 
protection to ste&mboats more imperative than for rafts. 

The Board states that it regards the booms and other constructions 
recommended “as but partial alleviations of the difficulties of raft-uavi- 
gation, as the plans and locations of most of the bridges are such as to 
make any complete measure for the safety of navigation impossible. 7 * 

The Rock Islaud bridge being owned and operated by the United 
States, a special appropriation by Congress of the sum of $15,000 will 
be required for the necessary protection at that point, the Board assum¬ 
ing that all the expenses attending the construction of booms, &e., at 
the other bridges that may l>e provided for by future legislation will be 
borne by the owners of the bridges. 

The views aud recommendations of the Board appear to me judicious, 
and are concurred iu; aud it is suggested that Congress be requested 
to provide such legislation as, in its judgment, may be necessary to 
carry them into execution. 

Very respectfully, your obedient servant, 

f A. A. Humphreys, 

Brigadier General and Chief of Engineers. 

Hon. J. D. Cameron, 


Secretary of War. 
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Saint Louis, Mo., January 31, 1877. 

General : The Board, constituted by Special Orders Xo. 52, Head¬ 
quarters Corps of Engineers, Jiyie 22,1876, to iuquire into the expediency 
of causing sheer-booms to be placed above bridge piers on the Missis¬ 
sippi River, have the houor to present the following report: 

The Board met at Saint Louis on the 17th of July, 18/6, and proceeded 
to consider the letter of instructions from the Chief of Engineers and 
the actof Congress approved March 3, 1875, orderiug the investigation. 
For convenience of reference, a copy of the act is here inserted : 

AN ACT for the further security of navigation on the Mississippi River. 

Be it enacted by the Senate and House of Representatives of the United States of America in 
Congress assembledj That the Secretary of War he, and he is hereby, authorirtad and di¬ 
rected to iuquire into the expediency of causing sheer-booms to be placed ou the npper 
end of all or any bridge-piers on the Mississippi River, for the better security and con¬ 
venience of the navigation of said river for rafts of logs aud timber, with specific re¬ 
port in each case. 


The act mentions no other floating structures than rafts of logs and 
timber, yet it calls for an inquiry into the expediency of placing sheer- 
booms above the piers of the bridges for their protection, &c., and fur¬ 
ther ou a specific report in each case is required. 

The two points iu the act most uoticeable appeared to be the word 
“expediency" and the clause “specific report in each case." The for¬ 
mer seemed to the Board to involve consideration of not only the neces¬ 
sity of providing protection to rafts in passiug the spans of the bridges, 
but also consideration of at least three other interests involved, viz: 

1st. Interests of steamboat-owners which might be affected by the 
construction of such booms. 

2d. The interest of bridge-proprietors, as the acts of Congress legal¬ 
izing their bridges make it incumbent upou them to provide further 
securities for the safety of navigation whenever called upou to do so by 
the proper United States authority. 

3d. Though of less importance, interests of riparian proprietors whose 
fronts might be obstructed by works put in for the protection of rafts. 

The interests of this latter class being difficult of ascertainment, a 
precise statement of their nature could not be reached by the same 
process of investigation as the others named. Furthermore, such inter¬ 
ests, being local iu their nature, could not bear any comparison with the 
interests iuvolved in the free navigation of a river like the Mississippi, 
bordered by numerous aud populous {States. 

There being no defiuite information before the Board, the junior mem¬ 
ber, acting as recorder, was directed to obtain plans ot all bridges con¬ 
templated in the order; an expression of the desires of the raft inter¬ 
ests; objections, if any, of the steamboat interests, aud statistics of the 
ralt interests; pending the collection of which, the Board adjourned to 
reconvene at the call of the president. 

Efforts were made accordingly to procure the requisite information, 
but not followed with the success desirable. .Any officer of Engineers 
who has ever attempted to procure statistics of the business of our in¬ 
land waters, where no systematic registration is kept or required, will 
readily appreciate the difficulty of the undertaking. 

Letters were written to the officers of the companies owning or oper¬ 
ating bridges crossing the Mississippi tor maps aud data ; to the princi¬ 
pal known lumbermen ; to the officers of lumber companies iu the valley 
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of tbe Upper Mississippi, and to the leading steamboat-raeu'for statis¬ 
tics, general information, and suggestions; each formal letter of appli¬ 
cation containing either a condensed statement of the act of Congress 
uuder which tbe Board was acting or a copy of the act, in order that 
the importance of the information requested might be apparent. 

The officers of the bridge companies courteously offered any data io 
their possession, but with the exception of some copies of bridge records 
pertaining to passage of raf ts, boats, &c., and records of gauge-readings 
for a season or two, but little reliable information was obtained. In 
fact, some of the bridge companies had lost or mislaid all the origiual 
maps and records. 

Replies from steamboat interests were meager. 

From the raft interests fuller data were elicited than expected, and 
their statements, together with statistics of tbe trade, appear to be re¬ 
liable. 

The estimated total product of white pine of 1875 actually floated into 
the Mississippi River and marketed during that year was l,O69,0o0,00U 
feet, board measure, including logs, lumber, shingles, &c. Estimated 
quantity which passed down the Mississippi River at the mouth of the 
Wisconsin River during 1875, io all forms, shingles, laths, logs, &c., 
830,000,000 feet. About 550,000,000 feet pass the Dubuque bridge an- 
uually.. About 500,000,000 feet pass the Cliuton bridge annually. 
About 400,000,000 feet pass the Rock Island bridge aunnally. Rafts 
vary in size from 300,000 to 2,000,000 feet. A fair average is 750,000 
feet per raft. 

The above figures are taken from a communication to tbe Board from 
Bertliold & Jennings, lumber commission merchants of Saint Louis, who 
have made up the estimates partly from their owu observation, bnt 
mainly from information obtained by them from the Treasury Depart¬ 
ment at Washington. Their communications in full are given in Ap- 
peudix A. # 

in a memorial to the Board, marked u b,” in appendix, signed by tbe 
principal lumber dealers of the Upper Mississippi Valley, the number of 
rafts annually run is stated at 1,100. This does not seem au overesti¬ 
mate, for the records of one bridge aloue—that at Dubuque—show that 
1,130 rafts passed under it during the navigation seasou of 1875. It is 
possible, though, that at all the bridges the number reported may be 
slightly in excess, as large rafts are generally split up above them and 
the parts taken up again below, so that occasionally a raft may be counted 
twice. 

The number of rafts passing each bridge is gradually reduced from 
the Wiscousiu to Saint Louis, as comparison of the bridge-records with 
each other will show, and as might be expected; some of the lumber 
going to supply towus, while much of it is shipped by rail east and west 
from different points along the river. The raft record begius at Du¬ 
buque, where, during the year 1875, 1,136 rafts passed the bridge, and 
ends at Louisiana, about 112 miles above Saint Louis, where for the 
same year 169 rafts are recorded as passing the bridge. Of hbe latter, 
a large portion reached Saint Lonjs, and a part also was lauded at 
Alton for use and shipment at that jmint- 

Before the construction of so many bridges across the river, rafting 
was generally done independently of steamboats $ that is, the rafts 
drifted ; but the difficulty attending the passage of bridges by rafts 

# The appendixes to this report are omitted. They may be found printed in Ex. Doe. 
No. 41, it. R., 44th Cong., 2d Sess. 
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gradually led to the use of tow-boats, until now nearly all the rafts (as 
high a proportion as nineteen-twentieths has been stated) are towed. 

The width of a rafc is computed by the number of strings, a string 
being sixteen feet. All the spans of the bridges, raft-spans included, 
are too uarrow for the free passage of the large rafts uow constructed. 
Although a raft is said to be towed, it is in reality pushed, the position 
of the boat asteru of the raft atfordiug it better governing position. 

The actual cost of rafting lumber from Stillwater to Saint Louis is 
stated by those familiar with the business at $2 per thousand feet, 
board-measure; very much less than the cost of transporting it on 
barges or by any other means. One large item of cost consists in 
detention in passing bridges which it is stated averages four hours 
per bridge per raft, in addition to this is the actual loss sustained by 
collision with the piers, a loss which it is difficult to estimate, though 
known to be great. 

The principal steamboat lines interested iu the Mississippi River 
above Saint Louis are the Keokuk Northern Liue, Capt. VV. F. David¬ 
son, president, and the Diamond Jo Line, Joseph Reynolds, president, 
besides numerous tow-boats. A statement of the business of the Dia¬ 
mond Jo Liue, and a partial list of raft boats, will be found in Appen¬ 
dixes o and D. 

The impossibility of procuring suitable maps from the bridge com¬ 
panies early becoming appareut, application was made to the Engineer 
Department at Washington for maps, &c., on file there. In reply, in¬ 
formation was given that General Warren was then engaged iu making 
additional surveys, which it was expected would be completed in time 
for the use of the Board, and by letter of the Chief of Engineers, dated 
August 24, 1876, he was added to the Board as a member, and directed 
to notify the president thereof as soon as his maps w’ere ready, and the 
Board directed to suspend proceedings until then. 

The Board re assembled in accordance with the following order: 

United States Engineer Office, 

Roik Island. Ill ., January 16, W7. 

Orders: Thu Board of Engineers, constituted by Special Orders No. 52, Headquar¬ 
ters Corps of Enuiueurs, 22d June, 1876, and letter of Chirfof Engineers, dated 24th 
August, 1876, win meet at Saint Louis, Mo., on Friday, 26th Jauuary, 1877, or as soon 
thereafter as practicable, to contirue the investigation as to the expediency of placiog 
sheet-booms at the upper ends of bridge-piers in the Mississippi River, &.c. 

J. N. Macomb, 

Colonel of Engineers , U. S. Army , President of the Board . 


General Warren laid before the Board a map (plan and profiles) of 
each of the bridges on the Mississippi River, showing the approaches 
both by land and water, the direction and velocity of currents, and 
depths of water for some distance above and below. The junior mem¬ 
ber also presented the information lie had accumulated. 

The Board then proceeded to hear the statements of the leading raft 
and lumber dealers, pilots, and steamboat-men. The statement of 
Messrs. Kempt, DacDouald & Kearns, giveu with the maps before them 
for reference, is appended and marked “E.” 

A* model of the Pond sheer-boom w T as presented to the Board, and its 
merits explained by Messrs. Kempt & Chapman, representing the Eau 
Claire Lumber Company, which is part proprietor of the invention. 
Particulars of this boom will be fouud in Appendix F. 

The Board then proceeded to the consideration of each bridge, begin¬ 
ning with the nyl way bridge and the high way-bridge at Saint Paul. 
As but an insignificant quautity ot lumber ever passes under these 
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bridges, it is not deemed necessary to place any booms there, and for 
the same reason no protection is deemed necessary above the bridge 
crossing the liver at Hastings. 

Before proceeding further, the Board here mention that inasmuch as 
the windings of the Mississippi River make the designation north or 
south, east or west, as applied to its banks, variable for each locality, 
the words right and left are used instead, the right bank being that on 
the right hand in descending. 

RAILWAY-BRIDGE AT WINONA. 

The first bridge crossing the Mississippi River below the Saint Croix 
River is known as the Winoua bridge, which was built in 1871, and 
under act of Congress approved July 25, 1866. It consists in all of 16 
spans of various lengths, two of them draw-openings, each 160 feet in 
the clear, and one a raft-span of about 240 feet in the clear; bottom 
chord at 10 leet above high-water; the range or difference between high 
and low water about 16 feet. 

No record of rafts or steamboats passing bridge has been ob 
tained, as none has been kept. 

In running past this bridge rafts generally use the right draw-open¬ 
ing, the left draw-opening and long span adjoining being seldom acces¬ 
sible on account of the set of the current toward the right bank caused 
by a bar above. This action of the current renders it necessary to run 
direct for the draw-rest when making for the right draw-opening at time 
of liigh-water. , 

Additional difficulty arises from the location of Yeoman’s boom, which 
obstructs the path of rafts following the set of the current, and from 
the Northwestern Railway Company’s transfer-wharf, the front of which 
is piled, but not planked. 

To aid in the security of raft-navigation at this bridge, a straight boom 
from the right rest-pier, extending up-stream to a point about 150 feet 
above the elevator, should be placed, and Yeoman’s boom removed or 
drawn in toward the bank, so that no part of it should project more 
than 100 feet out from shore. The position of the proposed boom is 
shown on the accompanying traciug, numbered 1.* 

RAILWAY-BRIDGE AT LA CROSSE. 


The next bridge iu order is that at La Crosse, built in 1876, under 
act of Congress approved April 1,1872. This bridge has just been com¬ 
pleted. It consists, in all, of ten spans of various lengths, having over 
the main channel two draw-spans, each 160 feet in the clear, and one 
raft span 240 feet in the clear; bottom chord 10 feet above high-water; 
range or difference between high and low water about 16 feet. 

No records of rafts or steamers passing this bridge have been obtained. 

The channel here has changed much duriug the past year. After the 
construction of the piers the right draw-openiug, the only one accessible 
to rafts, was difficult to reach on account of the existence of a bar above 
the bridge and adjoining the island, and another bar working down 
from another island above and on the right of the channel. In order 
to reach this draw, rafts had to cross the stream at nearly a right angle, 
under the upper and above the lower bar. In addition, the velocity of 
current th.ough the right draw opening is great. 

Inasmuch as the right draw-opeuing will necessarily be the one used 

* The maps herein alluded to are on file in tbe office of the Chief of Engineers, U. S. A. 
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by rafts, protection along the right bank for a distance of 1,000 feet 
above the abutment and similar to that designated for the Winona 
bridge should be placed. (See accompanying tracing, numbered 2.) 

RAILWAY-BRIDGE AT PRAIRIE DU CHIEN. 

The river here is separated by an island into two channels, both 
being navigable. That on the right is habitually used by rafts and raft- 
boats; that on the left is the main steamboat-channel, and is also used 
by such rafts as are destined to Pmiiie du Chien, numbering probably 
not more than ten or twelve in the course of a season. Both channels 
9 are crossed by a pile and ponton bridge; the ponton in each channel 
forming a draw of about 400 feet. The current is gentle in both chan¬ 
nels. 

This structure was legalized by act of Congress approved June 6, 
1874. 

The bridge is regarded by all interests concerned in the navigation of 
the river as the easiest oue to pass, and no accidents of importance have 
been reported. The Board do not deem any booms necessary at this 
point. 

RAILWAY-BRIDGE AT DUBUQUE. 

This bridge was built in 1808, under act of Congress approved July 
25, 1866. It consists iu all of eight spans of various lengths aud a 
trestle approach some 2,400 feet in length, including two draw-openings, 
each 100 feet in the clear, and two raft spans, each about 240 feet iu the 
clear. The bottom chord of the bridge is at 10 feet above high-water; 
the range between high and low water is about 20 feet. 

Eleven hundred aud thirty-six rafts are reported as having passed 
this bridge during the rafting-season of 1875, of which 803 were towed. 
Thirty-three accidents to rafts in passing were recorded for this year. 
The details are contained in Appendix G. 

The right draw-opening and adjoining long span are habitually used 
by rafts at all stages of water, the left draw-opening and adjoiuiug span 
being seldom if ever used. During low water but little difficulty is ex¬ 
perienced ; at time of high water the current from Seventh-street slough, 
which discharges immediately above the bridge, creates cross currents, 
the effect of which cannot be anticipated. 

A boom 1,200 feet long and on the prolongation of the axis of the right 
pier of the right raft span, its upper end anchored, so that it can be 
swung, either to sheer rafts into the right raft-span or iuto the right 
draw span, is required here. (See accompanying tracing, uumbered 3.) 

RAILWAY-BRIDGE AT CLINTON. 

The portion of this bridge over the right-hand chauuel was com¬ 
menced in 1864 and completed in 1805. That part over the left-hand 
channel was completed and in use some years previous. The structure 
was legalized as a post-road aud post-route by act of Congress February, 
1867. 

The river here is divided into two channels by Little Rock Island. 
The bridge, spanuing both channels, consists iu all of fourteen spans, of 
different lengths. Iu right-hand channel there is but one draw-opeuiug 
available, of 118 feet, aud one"raft-spau of about 180 feet, clear width. 
Bottom chord about 6 feet above high water; difference between high 
aud low water, about 20 feet. 

At time of high water, most of the rafts ruu the channel to the left 
of the island, thb only span available in which being the one next to 
the left bank. This span is obstructed by piles aud riprap about the 
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piers, aud its available width further reduced to about 180 feet by the 
obliquity of the axes of the piers to the direction of the curreut; and 
a further difficulty iu this chauuel arises from a current setting across 
the bottom-lands. 

During medium and low stages of water the right-hand channel is 
used. The draw and raft spans in this channel are all too narrow, being 
of less width even than those of any of the other bridges. Of tbeai 
spans, the right-shore span and adjoining draw-opening are impassably 
for rafts on account of their being occupied by rafts of logs aud timber 
and also by boom piers below. The-only spans that can be used are thy 
left draw opening and the span adjoiniug, the approach to which s , 
difficult ou account of the eddy below the rocky point used as the stean- 
boat landing of Cliutou. For details of rafts and boats passing this 
bridge, see Appeudix H. 

A fender, 1,000 feet long, should be placed aloug the left bank of the 
left or east chauuel, above the bridge, in order to prevent rafts from be¬ 
ing drawn iuto the bottom, aud two booms should be placed in the right 
or west channel, one to extend from the upper end of the draw-rest 
and ou its prolongation to the right bank, aud the other to extend from 
the pier next to Little Rock Islaud up to the head of this island. (See 
accompanying traciug, numbered 4.) 

RAIL AND HIGHWAY BRIDGE AT ROCK ISLAND. 

This bridge was commenced in 18i>9 and completed in 1871, by the 
United States Government, under acft of Congress approved July 25,1866. 
It consists in all of seven spans, including draw, which has openings of 
160 feet width, and two raft-spans with 250 feet width in the clear; 
bottom chord 10 feet above high water; range between high and low 
water is about 16 feet. 

The number of rafts "passing this bridge is as follows: 


From March 29 to December 31, 1872. 919 

Year ending December 31, 1873. 6w8 

Year ending December 31, 1874 . 583 

Year ending December 31, 1875. 618 

Year euding De ember 31, 1876.. 627 


Details are given in Appeudix i. 

During high water rails generally run the right span, uext to the 
Davenport shore; at medium and low stages of the river they use both 
draw-openings and the span adjoining the right draw-opening. 

The main difficulty experienced by raftsmen here arises from the 
bridge being located at the foot of the rapids, ou which there is no point 
for some distance above the bridge where rafts can be split up, necessi¬ 
tating, in time of wind, the making of two trips over this distance. 
The roughness of the bank of the island immediately above the bridge 
renders the use of the south or left draw-opening dangerous. 

The rocky bank of the island for 500 feet above the south abutment 
should lie timbered and plauked,and a boom similar to that designated 
for the bridge at Dubuque should be placed in the thread of the cur¬ 
rent, above and on the prolongation of the right pier of the left raft 
span, aud the remains of the uorth or right pier of the old bridge should 
be fully removed. (See accompauyiug traciug, numbered 5.) 

RAILWAY-BRIDGE AT BURLINGTON. 

This bridge was commenced in 1867 and completed in 1868, under 
act of Congress approved July 25,1866. It consists, in all, of teq spans 
of diftereut lengths, with two draw-openings, each 160 feet iu the clear; 
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bottom chord 10 feet above high water; range of river, or difference be¬ 
tween high and low water, 20 feet. 

For particular description of this bridge, see letter of Mr, Hjortsberg, 
chief engineer Chicago, Burlington and Quincy Railroad, marked j, in 
appendix. 

Rafts passing this bridge usually run the right draw-opening and ad¬ 
joining span ; this latter span being but 190 feet in width. The spans 
to the left of the draw are wider, but are only made use of when rafts 
are blown over from the right, or west, bank. Running the right span 
and draw-opening is rendered difficult on account of the existence of a 
hard bar of gravel near Berry’s mill, which, with the eddy below it, 
produces a cross current in these spans. 

A boom 900 feet long should be extended up stream from the right 
rest-pier. (See accompanying tracing, numbered 6.) 

BAIL AND HIGHWAY BRIDGE AT KEOKUK. 

This bridge was commenced in 1869 ami completed in 1870, under act 
of Congress approved July 25, I860. It consists of 12 spans of differ¬ 
ent lengths. Two of them are draw-openings, about 160 feet each in 
the clear, and two raft-spans of about 240 feet. Bottom chord of the 
bridge 10 feet above high water; range of river, or difference between 
high and low water mark, about 22 feet. No record of rafts passing 
this bridge has been kept. Number of boats passing and other data 
are given in Appendix K. 

This bridge is situated at the foot of Des Moines Rapids, on which 
there is no place for a raft to tie up, so that the passage of the bridge 
must be attempted under any circumstances after leaving Montrose, at 
the head of the rapids. The left draw-opening and adjoining spans are 
used by rafts at all stages of water. During high water rafts can follow 
along the canal-bank ou the right, the proper course to take for running 
these spans, but at low w T ater they are obliged to follow the channel, 
which rourse brings them to the left bank about 1J to 2 miles above the 
bridge, whence they cross through Sucker Chute to the right bauk. 
The direction given to the raft by the current along the bauk of the 
canal above the bridge is toward the piers to the left of the opening 
they attempt to make, and if, to avoid this, they hug the canal-bank to 
its lower end they come withiu the influence of the current setting in 
to the right draw-opeuing, aud are then iu danger of being carried 
against the draw-rest. 

A sheer-boom, 1,200 feet long, should be extended from the pier to the 
left ol the first long span from the draw, so placed that its upper end 
shall be 600 feet from the canal-bank, and a boom should be placed so 
as to connect the draw-rest with the lower end of the canal-walls. 

The accompanying tracing, numbered 7, will show the position of the 
booms recommended. 

RAILWAY-BRIDGE AT QUINCY. 

This bridge was commenced in 1867 and completed in 1868, under an 
act of Congress approved July 25, 1866. It cousists iu all of 24 spans, 

6 spans crossing Quincy Bay and 18 spans crossiug the main river. 

Draw-opeuings 160 feet wide, aud raft-spans each side of draw. Bot¬ 
tom chord of bridge 10 feet above high water. Difference of level be¬ 
tween high and low water mark about 20 feet. 

Two hundred and eighty three rafts passed this bridge during the raft¬ 
ing-season of 1876. The details are contained in Appendix l. 

Rafts run in general the right draw-opening and adjoining span, the 
long spans to left of the draw not being available on account of ^ bm 
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which makes out from the left bank above the bridge. The bridge is 
also at the beginning of a crossing of the channel from right to lelt, and 
rafts are iu consequence drawn toward the left piers of whatever open¬ 
ings they attempt to use. 

A fixed boom 1,000 feet long should be extended up stream from the 
left rest-pier, its upper end C50 feet from the right hauk. (See accompa¬ 
nying tracing numbered 8.) 

RAIL AND HIGHWAY BRIDGE AT HANNIBAL. 

Commenced in 1870 and completed in 1871, uuder act of Congress 
approved July 25, 1866. It consists of eight spans. Two of them a*e 
draws of 160 feet width of opening, and two are raft-spans; one next to 
right bank, with 215 feet available opening; the other to the left of draw 
of 240 feet. Bottom chord of bridge 10 feet above high water. Differ¬ 
ence between high and low water about 22 feet. 

One hundred and sixty-eight rafts passed this bridge during the sea- 
sou of 1875. The details are contained in Appendix M. Rafts gener¬ 
ally run the right draw-opening and adjoiuing span. The velocity of 
the stream at the site of this bridge is so great that rafts cannot land 
witbiu one mile above the bridge. During high water the rafts are split 
up and each part dropped through by the tow-boat. Allowing any por¬ 
tion of a raft to drift through is seldom attempted. The right bank just 
below the bridge is used by the lumber-dealers of Hannibal for lauding 
their rafts, aud rafts passing under the right span are liable to collide 
with them, 

A boom 1,2<H) feet iu length along, aud its upper end attached to, the 
right bank, its lower end free to swing from the bank to the right rest- 
pier, should be placed above this bridge. (See accompanying tracing 
numbered 9.) 

RAILWAY BRIDGE AT LOUISIANA. 


Commenced Juue23, 1873, and finished in December of the same year 
Built uuder acts of Congress approved March 3, 1871, and June 4, 1872. 
Consists of eleven spans of different lengths; two are draw-spans, each 
200 feet wide, and one a raft span 250 feet iu the clear. Bottom chord 
10 feet above high water. Difference of level between high and low 
water about 20 feet. 

The number of rafts passing this bridge is for— 


1874 . 129 

1875 . 109 

1876 up to September 1. 106 


The details are contaiued iu Appendix N. 

At time of high water the draw-spaus are used. During medium and 
low stages of water the right draw-opeuing is used. There is no place 
above the bridge for two miles, nor below it for three miles, where rafts 
can tie up. The locality is particularly exposed to winds. The draught 
of the current is along the right bank and iu front of the landiug above 
the bridge. In order to get into position for passing the draw openings, 
rafts are obliged to work to the left, and this has to be done by backiug 
the boat, iu order to give the ralts the proper direction. 

The crib work or bulkhead above the right rest-pier should be 
smoothed and extended up stream for 500 feet, and this line extended 
820 feet farther by a fixed boom, its upper eud 300 feet from the shore 
at ordinary low water. The extens^u proposed is delineated npou 
tracing numbered 10. 

Wherever booms are mentioned al)ovq,‘floating structures are intended, 


and unless a fixed boom is specifically mentioned, a movable boom must 
be uuderstood. 
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Sheer-booms should fulfill the following conditions: 

Thev should be stable enough to resist the shock of colliding rafts 
and vessels without overturning, and should have strength sufficient 
not to break under impact at any point. They should not have a less 
<1 muglit than 30 inches, and should project above the water-surface at 
least 6 feet, in order to prevent the guards of steamers from passing 
- over them and breaking their wheels. The submerged faces of the 
booms on the sheering side should be smooth, and the faces above water 
should be so arranged as to allow vessels to rub against them without 
injury to themselves or the booms, and the booms should, furthermore, 
fulfill their duties at all stages of water. All pivot-pier guards should 
be plauked longitudinally from 30 inches below low water to 6 feet above 
high water, and these guards should include the pivot-piers, so that no 
projection of the latter should be exposed beyond the faces of the guards. 

The Board in their recommendations have beeu confined to aiding the 
passage of rafts, aud have considered the passage of steamboats only 
indirectly in so far as not to recommend anything for the former that 
would be detrimental to the latter, in several of the cases the impor¬ 
tance of further protection to steamboats is more imperative than for 
ra^ts. The booms and other constructions recommended are regarded 
as but partial alleviations of the difficulties of raft-navigation, as the 
plans and locations of most of the bridges are such as to make any com¬ 
plete measures for the.safety of navigation impossible. 

As the Rock Island bridge is owned and operated by the General 
Government, a special appropriation by Congress of $15,000 will be 
required for the protection necessary, it being assumed that all the 
expenses attending the construction of booms, «&c., at the other bridges, 
ordered by future legislation, will be borne by the owners of the bridges. 

The accompanying drawings of portions of the difforeut bridge local¬ 
ities, upou which are indicated the positions of the booms aud other 
works proposed, are taken trom the maps made under direction of Gen¬ 
eral G. K. Warren, Major United States Engineers, at different times 
since I860, under an act of Congress approved June 23, 1866, which 
reads as follows: 

And for examining and reporting upon the subject of railroad-bridges aoros* the 
Mississippi River between Saint Paul, Mia., and Saint Louis, in the State of Missouri, 
upon such plaus as will offer the least ini| ediment to navigation of the river. 

Full copies of these maps are on tile at the office of the Chief of En¬ 
gineers at Washington. 

In addition to the appendixes noted above, others marked o, p, q, 
r, s, T, u, v, and w, containing further information bearing upon the 
subject, are herewith forwarded. 

A model of the Pond sheer boom, above referred to, is also forwarded. 

We have the honor to be, very respectfully,your obedient servauts, 

J. N. Macomb, 

Colonel of Engineers , President of the Board . 

J. H. Simpson, 

Colonel of Engineers . 

G. K. Warren, 

Major of Engineers and Brevet Major-General , U. S. A . 

F. U. Farquhar, 

Major of Engineers . 
Chas. R. Suter, 

Major of Engineers. 
Chas. J. Allen, 

Brig. Gen. A. A. Humphreys, Captain of Engineers. 

Chief of Engineers, U. 8 . A . 
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w 3. 

PROTECTION OF PUBLIC WORKS AGAINST TRESPASS OR INJURY. 


Office of the Chief of Engineers, 

Washington, I). C., January 13, 1877. 

Sir: With the view to a compliance with the third section of the 
river and harbor act of August 14, 1876, which requires a report to 
Congress of all the instances in which piers, breakwaters, or other 
structures built by the United States iu aid of commerce or navigation 
are used, occupied, or injured by a corporation or an individual, and the 
exteut aud mode of such use or injury, and the facts touching the same; 
and also what legislation is necessary* to protect public works con¬ 
structed by the United States against trespass or injury thereto, I in¬ 
structed the officers and agents of this office in charge of public works 
to report all such instances within their knowledge, and also their views 
as to the legislation which would best prevent the evils iu question. 

It appears that, with the exception of the occupancy of the East 
Pier at Cleveland, Ohio, by the Pittsburgh aud Cleveland Railroad 
Company, the terms of which are now beiug adjusted, there has not 
beeu to any serious or great extent injurious use or occupation of struct¬ 
ures or works built by the United States to report to this office. 

There have been instances of temporary occupation of piers as land¬ 
ing-places for cargoes which, by their weight, might injure the works; 
but in most cases the practice was discontinued upon notification. 

There are instances of injury to piers from collision of vessels, from 
carelessness as well as from unavoidable causes. 

There are also instances of willful injury arising from the palling up 
of the deck planks of wooden piers for the purpose of tying vessels. 

There are instances of serious injury to navigable waters by the dis¬ 
charge of saw mill waste into streams; also from booms for logs being 
placed in such a way as to seriously, aud sometimes totally, impede nav¬ 
igation, and also instances of removal of stone from wing-dams, and of 
breaking openings through them for the passage of small boats or run¬ 
ning of logs, thus rctideriug the dams incapable of effecting the object 
for which they were built. 

There are instances of injury to water-gauges permanently estab¬ 
lished for the record of fluctuations of water surface. 

In fair-wavs of harbors, channels are injured from deposits of ballast, 
steam-boat ashes, oysters, and rubbish from passing vessels. 

In some instances the local authorities have exercised a coutrol over 
the public works in their vicinity, and iu most cases the trespass or 
injury has beeu corrected upou notification. 

So long as works are in progress and iu charge of an officer or agent 
these evils are rare, but as they pass out of his hands they are at the 
mercy of evil-disposed persons, aud it would be well uuder those cir¬ 
cumstances to make it the duty of all officers of the Government, 
especially custom house and revenue officers and light-house keepers, 
to report all cases of trespass or injury eomiug under their observation, 
either to their own department or to the uearest United States district 
attorney. 

In many cases of harbor improvements on the lakes the Government 
has not acquired title to the land on which the structure is built, so that 
it is a question as to the right of the Government to prevent the use of 
the piers by the owuers of the adjacent land and preveut them from 
having access to the stream. Iu the case of breakwaters isolated from 
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the shore, and resting on laud owned by the United States, or State, 
the question of control is simple. 

The object of these works being for the benefit of commerce, there 
should be no objection to tberr ocoupaucy by private parties or corpora¬ 
tions when finished, provided that the improvement of navigation for 
which they were built is unimpaired and the Government relieved of 
the expense of maintaining them. 

A majority of the officers atid agents of this office in charge of public 
works deem the penalty inflicted by the concluding paragraph of section 
3 of the act of August 14, 187$, a sufficient protection, but it has also 
been suggested that its provisions should be extended so as— 

1st. To cover all cases of trespass on United States grounds and 
structures. 

2d. To cover all cases of negligent as well as willful injury. 

3d. To cover not only river, harbor, and navigation works, but also 
all structures or marks established by the United States, so as to in¬ 
clude all boundary-marks, tide gauges, stations, buoys, &c. 

The special act of Congress (see vol. 18 Statutes at Large, part 3, 
p. 50) for the protection of the work in progress for the improvement 
of the navigation of the mouths of the Mississippi by dredging Ins 
proved defective, inasmuch as it requires proof of malice or intention, 
instead of simple proof of fact of injury or impediment to navigation. 

In theea6e of the Louisville and Portland Canal, and at the Harbor 
of Refuge at Band Beach, Lake Huron, experience has showu the neces¬ 
sity of some enactment to regulate the movement of vessels therein, to 
avoid danger to vessels and injury to the works. 1 have already, on 
the 20th February last, submitted a letter from Major Weitzel, Corps 
of Engineers, with inclosed form of an act which he recommeuds should 
be enacted by Congress for the government and courrol of this harbor 
of refuge. This was embodied in bill H. R. No. 2927 of last session of 
Congress. 

To cover all cases of trespass and injury herein mentioned, and to 
conform as near as may be to the conditions required, I beg leave to 
suggest, as a modification of House bill No. 1079, of the last session of 
Congress, the inclosed form of an act which may cover all cases likely 
to arise, including the control of the Harbor of Refuge ou Lake Huron, 
and of the Louisville and Portland Caual. 

Very respectfully, your obedient servant, 

A. A. Humphreys, 

Brig. Qen. and Chief of Engineers. 

Hon. J. D. Cameron, 

Secretary of t Var. 


FORM OF AN ACT TO PROTECT PUBLIC WORKS AGAINST TRESPASS OR INJURY. 


Be it enacted by the Senate and House of Representatives of the United States of America 
tn Congress assembled , That it shall not be lawful to casr, throw, empty, or unlade, or 
cause, suffer, or procure to be cast, thrown, emptied, or unladen, either from or out of 
any ship, vessel, lighter, barge, boat, or other craft, or from the shore, pier, wharf, or 
mills of any kind whatever, any ballast, stone, slate, gravel, earth, rubbish, wreck, 
filth, slabs, edgings, sawdust, or other mill-waste of any kind, into any port, road, 
roadstead, harbor, baveD, navigable river, or other waters of the United States, for 
the improvement of which Congress has already made, or may hereafter make, appro¬ 
priations, or to deposit, or place, or cause, suffer, or procure to be deposited or placed, 
any ballast, stone, slate, gravel, earth, rubbish, wreck, tilth, slabs, edgings, sawdust, 
or other mill-waste in auy place or situation on shore wheie the same shall be liable 
to be washed into any navigable waters, either by ordinary or high tides, or by storms, 
or floods, or otherwise: Provided , That nothing herein contained shall extend or be 
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construed to extend to the casting oat, unlading, or throwing ont of any ship or ves¬ 
sel, lighter, barge, boat, or other craft, any stoues, rocks, bricks, lime, or other mat^~ 
rials used, or to be used, in or toward the building, repairing, or keeping in repair 
auy quay, pier, wharf, weir, bridge, building, or other work lawfully erected or to be 
erected on the banks or sides of any port, harbor, haven, channel, or navigable river, 
or to tbe casting out, unlading, or depositing of any material excavated for the im¬ 
provement of navigable waters, into such places aud in snob manuer as may be deemed 
by the Uuited State-* officer supervising said improvement most judicious and practi¬ 
cable aud for tbe best iuterests of such improvements. 

Sec. 2. That it shall not be lawful to build any bridge, bridge-draw, bridge-piers and 
abutments, causeway, or other' works over or in any port, road, roadstead, haven, har¬ 
bor, navigable river, or other waters of tbe United States, or to build any wharf, pier, 
dolphin, boom, dam, weir, breakwater, bulkhead, jetty, or other structure, ontside es¬ 
tablished harbor-lines, or in such man».er as shall obstruct or impair the navigation, 
commerce, and anchorage of said waters; or to excavate or fill, or in any raannar to 
alter or modify, the course, location, condition, or capacity of the channel of said navi¬ 
gable waters ot the Uuited States, uuless approved aud authorised by the War Depart¬ 
ment. 

Sec. 3. That all erections and works that are outside of harbor-lines, as now estab¬ 
lished, or that are so placed and constructed as to obstruct aud impair the navigation 
ami capacity of the navigable waters of the United States, or that it may become neces¬ 
sary to remove with a view to the improvement by the Uuited States of such waters, 
shall be deemed a public uuisauce aud liable to indictment as such. 

Sec. 4. That all wrecks of vessels, and other obstructions to tbe navigation of an.4 
port, roadstead, harbor, or navigable river, or other navigable waters of the United 
States, which may have beeu permitted by the owners thereof or the parties by whom 
they were caused to remain to the injury of commerce aud navigation for a longer 
period than two months, shall be subject to be broken up and removed by the Secre¬ 
tary of War, without liability for any damage to the owners of the same. 

Sec. 5. That it shall not be lawful for any person or persons to take possession of 
or make use for any exclusive purpose, build upoD, alter, deface, injure, obstruct,or 
in any other maimer impair the usr fuluess of any sea-wall, bulkhead, jetty, wharf, pier, 
or other work built by the United States for the preservation and improvement of any 
of its navigab'e waters, or boundary-marks, tide-gauges, surveyiug-stations, buoys, or 
other established marks; uor remove for ballast or other purposes any stone or other 
material composing such works. 

Sec. d. That every person, persons, or corporation offending against the provisions 
of this act shall, for each aud every such offeuse, forfeit ami pay a penalty ot two hun¬ 
dred and fifty dollars, (one-half on couviction of the offender to be paid to the 
informer,) besides such further sum as may be fonnd in any action for the recovery of 
Ue penalty or penalties incurred under this act to be tbe expense of makiug good the 
damage incurred, or of removing to a proper place tbe things deposited iu violation of 
this act, such pe» alties to be recoverable by and in the name of tbe United States of 
America, with costs, in any circuit or district court of the United States, at the suit of 
auy district attorney of tbe United States, or at the suit of any person, by information to 
any district attorney iu any district where or near to where tbe offense shall have been 
committed or tbe offender shall be. 

Sec. 7. That it shall be tbe duty of officers and agents having tbe supervision, on 
tbe part of tbe United States, of the works in progress for the preservation ana im¬ 
provement of said navigable waters, aud, in their absence, of the United States col¬ 
lector of customs and other revenue-officers, to enforce the provisions of this law by 
giving information to the district attorney of the United States nearest to the place 
where any violation of any provision of this act shall have been committed. 

Sec. 8. That tbe Secretary of War is hereby directed to assume full control over the 
Louisville aud Portland Canal, at the Falls of Ohio River, and over the haibor of 
refuge at Sand Beach, Lake Htirou, so far as may be necessary to control tbe passage 
through aud u-e of those works ; and be may establish such regulations as be shall 
deem needful to regulate the movement of vessels through and iu them so as to avoid 
damage to vessels and injury to the public improvements at those places; and he will 
cause such regulations to be promulgated, by public notice thereof given in such news¬ 
papers as he may deem most suitable to give them tbe greatest publicity, and such 
regulations may in like manner be changed from time to time ; and auy person inter¬ 
fering with or obstructing, or attempting to obstruct, the free use of such improve¬ 
ment, in violation of the regnlat'ons aforesaid, shall be guilty of a misdemeanor, and, 
on conviction thereof, shall be punished by a fine of not exceeding five hundred dol¬ 
lars, or imprisonment for not more than six months, or both, at the discretion of the 
court. 
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w 4. 

INVESTIGATION OF RAILROAD ACCIDENTS. 

New York, May 14, 1877. 

General: We have the honor to submit the following reply to your 
letter of 18th instant, transmitting to this Board “ for consideration and 
suggestion, and such modification or amendment to the bill as it may 
see fit to propose,” 

A bill to provide for the more thorough investigation of accidents on railroads, 

together with a letter of Mr. T. C. Clarke relative to the inspection of 
bridges. 

It appears from the remarks of Mr. Garfield, who introduced the bill 
in the House of Representatives, aud from the letter of Mr. Charles 
Francis Adams, jr., who prepared the draught at the request of Mr. 
Garfield, that the scope of the measure has been purposely restricted, 
leaving to further legislation to expand the duties of the commission ti 
any extent that practical experience may show to be needed. In this 
view of the matter, which is no doubt a wise one, the Board have no 
modifications or amendments to suggest, except that it would seem 
necessary to provide for an appropriation to meet the expenses which 
must be incurred in an efficient discharge of the duties imposed on the 
commission, and that it might be judicious to authorize the Secretary of 
War to iustruct any engineer officer to assist the commission when¬ 
ever deemed necessary. 

This last suggestion is made with a view of saving time and expeuse 
by the occasional aid of engineer officers stationed at remote points of 
our vast territory. For example, should an unusual or calamitous acci¬ 
dent occur west of the Nevada range, an officer in California could reach 
the scene of the calamity without much delay, whereas a week’s delay 
in arriving at the locality of an accident might prevent the collection’of 
reliable data in reference thereto. 

To a full understanding of the state of this question of railroad acci¬ 
dents, and the means of preventing them, and as illustrating what, in 
our opihion, the scope of the duties of the proposed commission would 
be to attain the desired objects, the Board appends the following u mem¬ 
orandum,” which was drawn up in the study of the subject. 

The papers referred to the Board in couuection with the subject are 
herewith returned. 

Respectfully submitted. 

J. G. Barnard, 

Colonel and Bvt. Maj . Gen. 

Z. B. Tower, 

Colonel of Engineers, Bvt . Maj. Gen . 

H. G. Wright, 

Lieut. Col . of Engineers, Bvt . Maj. Gen . 

Brig. Gen. A. A. Humphreys, 

Chief of Engineers , U. 8 . A . 


MEMORANDUM TO ACCOMPANY REPORT OF BOARD OF ENGINEERS FOR FORTIFICATIONS 

OF MAY 14 , 1877 . 


The bill proposed to constitute, by the appointment of the President of the United 
States, 44 a board of three commissioners, who shall be officers of engineers of the At my,” 
the duties of which are defined as follows: 

I. 44 To inquire into the number, causes, and means of prevention of accidents on 
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railroads in the United States, the nnmber of persons killed thereby, and the most 
approved means of preventing the occurrence of the same.” 

II. “To hereafter investigate snch accidents on railroads as may in their jndgment 
be accompanied by circumstances of an unusual or uuex plained character, and sprcially 
report upon the same.” 

Incidentally or supplementary to the foregoing du'ies, it is further provided— 

III. ‘‘That in addition to all special reports from time to time made, the commis¬ 
sioners herein provided for shall at the clo«e of e^cli year forward to the Secretary of 
the Treasury a general report upon the subject of accidents upon railroads in the 
United States during that year. 

Clauses II and III * stablish the fact that the “ board of commissioners” is intended 
to be a permanent thing; that the “ inquiry ” provided for in clause I is not merely a 
single general investigation, but somethiug to be perpetually maintained. 

So far as the mere statistics of “accidents” are concerned, our technical journals 
give them with great thoroughness and detail. Turning, e. g., to the “Radroad Gazette,” 
we find (January 26, 1877) a summary of “ Train Accidents” for the railroads of the 
United States for the years 1873,1874, 1875,1876; a recapitulation of which is as fol¬ 
lows : 


1873 . 1871 . 1875 . 187 &. 

Collisions. 279 278 260 392 

Derailments. 655 840 654 815 

Other accidents. 48 83 66 76 


Average number per day. 


982 

2.69 


1,201 980 1,283 


3.29 2.68 


3.51 


Collisions are subdivided into fonrcateg- ries. viz : “Rear Collisions,” “ Butting Col¬ 
lisions,” “ Crossing Collisions,” and “ Unknown.” 

Derailments resulted from no less than 35 special causes, snch as “ broken rail,” ** mis¬ 
placed switch,” “ cattle on track,” “ wash-out,” 4 * h»ose or spread rails,” “ broken axle,” 
“accidental obstruction,” “broken wheel,” dec.; those above named being the chief 
causes. 


Other accidents, i. accidents without derailment or collision, arose from 15 special 
causes, snch as “ boiler and cylinder explosions,” “ broken axle,” “failure of bridge or 
trestle,” “open draw-bridge,” “accidental ot struction,” “malicious obstruction,” &c. 
A more general classification of “derailment” accidents is as follows: 


Defects or failures in permanent way... 

Defects or failures in rolling-stock. 

Negligence, carelessness, or malice. 

Unforeseen obstruct ions, not malicious. 


1873 . 

200 

73 

96 

111 


1874 . 

146 

63 

107 

109 


1875 . 

261 

101 

114 

142 


1876 . 

165 

76 

119 

107 


In connection with which the remark is made by the editor, “ Negligence would prob¬ 
ably apply to many if not most of the cases of defects or failures of road and rolling- 
stock, as well as to the cases of misplaced switch©**, open draws, &c., to which we bare 
applied it above.” 

In connection with the number of “ accidents,” given in first table, we have the fol¬ 
lowing statements of the numbers of persous “killed and injured 



1873 . 

1874 . 

1875 . 

1876 . 

Killed.. 

.. 276 

204 

234 

328 

Injured. 

.1,172 

778 

1,107 

1,097 


1,448 

982 

1,341 

1,425 


And if we compare these figures with those which give the total number of accidents 
for tbe years, we shall find the average number per accident to be— 



1873 . 

1874 . 

1875 . 

1876 . 

Killed. 

. 0.215 

0.209 

0.195 

0 334 

Injured. 

.0.914 

0.800 

0.923 

1.117 

Killed aud injured per accident. 

. 1.129 

1.009 

1.118 

1.451 


With regard to the mere statistics of accidents little is left for a board to do. But it 
is doubtless the “ means of prevention ” that the bill has mainly in view’, and especially 
the prevention of accidents to persons. The figures just given show that in geueral to 
oue accident in fire a life is lost, that somewhat more than one person is either killed 
or injured per accident , most of the injuries , however, being slight. Besides “ accidents 
to trains ” there occur accidents involving life or limb whether of passengers, train- 
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servants, or outsiders. Most of these are due to the carelessness of the sufferers; a 
considerable number, however, to inadequate precautionary measures for train man¬ 
agement. 

While the few calamitous accidents make strong impression on the public mind, aud 
a recent one doub'-less prompted the bill in question, the foregoing shows that in real¬ 
ity the ratio of injuries and losses of life occurring from them is but a small fraction 
of the total. Great as was the loss of life at the Ashtabula bridge accident, that ca¬ 
lamity furnished but one-fourth to the number “ killed’ 1 during the year, and the ratio 
of calamitous losses to the aggregate of current losses would probably be much less if 
taken through a series of years. 

Inasmuch as personal injury and loss of life arise from almost innumerable causes, 
each referring itself back either to inadequacy of construction or imperfection in manage - 
wwnty iris clear that the means of preventing the occurrence of the same” involves 
the whole question of railway construction and management. 

We believe that it would be in consonance with the maxims which prevail, as to the 
functions of our General Government to leave this matter to the States in which our 
railways lie and the companies to which they belong to work out the desired results. 
Self-interest may be slow of sight, but it perceives at last what its own requirements 
are; while State legislation (theouly legislation possessing jurisdiction) re-enforced by 
public opiuion gradually forces railway directors to introduce, as proof shall be offered 
of their efficacy, ull well-devised measures for safety of human life. The “ board ’ con¬ 
templated by this bill could at best be merely advisory. That it should be such im¬ 
plies of course its capability of advising that it should be so thoroughly master of the 
wboldsubject that its advice would be sought and its authority on such subject recog- 
n'zed. Such sort of pre-eminence requires large experience aud a minute knowledge of 
condition and defects and systems of management, &c., of the 75,000 miles of railway 
in the United States, and to some extent a similar knowledge with reference to the 
railways of Europe. 

To obtain such information its sources would be— 

1st. The journals or technical publications of the United States and Europe. 

2d. Personal inspection by the commissioners or their agents. 

3d. Correspondence and personal communication with engineers and managers of 
railways. 

To carry out the above a considerable number of Inspectors would be necessary, and 
a bureau or office with o erks wherein to collect information aud compile the matter 
gathered. But inspections to be really such need not only the eutire concurrence of 
th.i managers of the several roads, but an actual furuishiug of facilities, (i. e., spe¬ 
cial cars, <fcc.) We may well doubt whether the roads would generally furnish these 
facilities. 

To carry out, therefore, with any t-f$ciency the design of clause I, it would seem to 
as requisite besid s creating a permanent board to add to it a considerable staff of 
assistants, and to establish a bureau for collection, compilation, aud preservation of 
information. 

The above refers to the most general construction of the duties (clause I) of the 
board. 

Clause If, however, refers to accidents “ accompanied by circumstances of unusual or 
unexplained character,” including, doubtless, what we have called calamitous accidents, 
such as the Ash tabu la bridge disaster. Such accidents are very few in number, (compared 
to totals of accidents,) and the loss to life aud limb occasioned by them is, though rela¬ 
tively great but a small fraction of the total loss. Still such accidents, accompanied 
with circumstances of horror, impress strongly th£ public mind, aud are in reality the 
uiaiu causes of a sense of danger in railroad traveling. 

Moreover, while i he daily small accidents refer themselves to hundreds of obscure 
causes, it is generally believed that these calamitous ones (when not the result of 
sheer negligence) refer to causes which intelligent investigation may develop, and for 
which there may be, or may be found, sure “ means of prevention.” 

There are two main causes of Gratuitous accideuts, viz: “ collision” and “ bridge 
failure;” to thes* might be added open draw-bridges” and “derailment,” but ihe 
u open draw” is so purely a ma«ter of negligeuce that it may be referred at ouce to 
that head ; while “ derailment,” though furnishing cause for about two-thirds of the 
“ accid nts,” is rarely (though sometimes) decidedly calamitous. Its causes when thus 
calamitous differ little from its causes when not so. Wherever derailment is likely to 
cause great calamity (as on a bridge or high emba ikment) special precautions in run¬ 
ning trains, and special means, are usually applied to preveiit the accident or guard 
against dhaster if it occurs. The absence of such precautions implies negligence which 
a subsequent investigation would doubtl ss bring to light. 

Collisions constitute nearly one-fourth of total *■ accidents.” They rarely occur 
without injury both to train and to passengers; and they are the most common source 
of calamitous loss of life. They may be said to depeud almost exclusively on manage- 
tnenl. In this connection it is proper to remark that railway travel as it now is, really 
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is an almost new thing in the world. Forty years ago it was commencing its develop* 
meat. A fow single track roads in the United States, with strap-rails, connected then a 
few of our larger cities. The motion of trains was necessarily slow, their nmnbcr small. 
With the development of railways over the whole country, and tne rapid increase of 
travel, greater perfection of construction has been arrived at, and far more perfect system 
of train-management has become imperative. Bat these improvements have really (per¬ 
haps inevitably) lagged behind the demand for them. Nevertheless, their march has 
been real aud rapid. The experience of the Centennial anniversary afforded proof of 
this. During the last three mouths of the Exhibition the trains ou many roads were 
constantly overloaded, and frequently behind time, and on several they were multi¬ 
plied to an extent never known before. The number of accidents, though somewhat 
increased, was not so in proportion to the traffic; the companies showing decided 
ability in adapting their operations to the emergency. 

Methods for preventing collision on crowded roads have developed themselves psri- 
passu with the need for them. The board of engineers which the bill proposes to or¬ 
ganize could hardly collect information on this subject more thoroughly than it is now 
collected by the technical journals, nor would their advice or opinions weigh very 
heavily in the balance with those of tb* managers, engineers, and experts, whose oc¬ 
cupation is one of constant experience of what is needed, of constant effort to supply 
the need, aud who through their own professional societies have means of consultatioo 
and comparison of results.* 

There remains one source of calamitous accident to treat, one which apparently does 
not so immediately refer itself to the comprehensive head of railway management, 
aud this is the one classified as the “failure of bridges.” 

In our early railway construction we contented ourselves with bridging the smaller 
streams by wooden structures of short spans, the larger navigable ones being crossed 
ly boat ferries. The development of the railway system aud the increase of traffic 
has compelled the tilling of these gaps by bridges, some of which, through the exigen¬ 
cies of the case, involving very long spans. Such spans can only be made with iron; 
moreover, this material has been gradually substituted of late years for the existing 
early constructed wooden bridges. But for this iron construction, the knowledge of 
the material itself, and of the means of preparing it, of working it into required 
forms and of combining it into masses, was not itself fully developed. Both for the 
manufacturer and engineer there was a vast and almost unexplored field. Congreae 
has recently recognized the importance of aiding one branch of this exploration by 
the creation of the board appointed March 25, 1875, “to test iron, steel, and other 
metals,” &c. 

Iu the other branch—the engineering—the demand for long-span bridges baa taxed 
the efforts of engineers for suitable methods, which have not yet had time to establish 
tbeir claim to recognition as best. 

We need only refer to the letter of Mr. T. C. Clarke, the head of an iro^-bridge build¬ 
ing firm, well known iu the United 8tates and Canada for the extent a .d excellence of 
its work. 

According to Mr. Clarke's opinion, “ Your board of commissioners should, as soon as 
possible after their appointment, meet at Washington and take evidence from engineers, 
particularly those expert iu bridge construction, and establish upon the basis of that 
evidence certain general rules to apply to all bridges, both railway and highway, such 


as— 

“ 1. The least load to be provided for on different length of spans and on parts of the 
same span. 

“ 2. The margin of safety. « 

“ 3. The mode of connecting the parts together, so as to form a whole as strong as 
ho-e parts. 

“4. Snob mode of construction as would best prevent deterioration and dec«y. All 
of this could be expressed in such words as would, while not hampering the skill of de¬ 
signers, yet greatly increase the public safety. 

‘These rules should be published and communicated to the different authorities, 
State, municipal, and railway, with the authority aud prestige of the board. More 
than this I do not feel competent ta recommend; bnt as an engineer and constructor 
of irou bridges, I do say that inspection should— 

“1st. Be made by independent parties. 

“2d. Should cover all kinds of bridges. 

“3d. Should be under a uniform system based on evidence taken from exrerts. 
Your board would largely increase its usefulness if it covered the last two points.” 

The foregoing would make the board not merely an investigator of “ accidents,” bat a 
central authority on the subject of bridge-builditig. There is doubtless great diversity 
of opinion, or at least lack of means on which to base authoritative rules on the several 
points numbered 1,2, 3,4 by Mr. Clarke. While on .the one band the board would have 
no authority to call tor, and uo means (without an annual appropriation for the purpose) 
to defray tbe expense of procuring evidence, we are not prepared to say that the prepaid 


Digitized by 


Google 



APPENDIX W. 


835 


board might not do mnch useful work in the way indicated. Oil the other hand, these 
qaestious involve the whole problem of bridge-building-—a problem, as it now presents 
itself, for great span railway-bridges, yet not definitely solved, and which must to a 
certain extent work out its owu solution. A central board of eugineers might doubt¬ 
less aid this progress and conduce to “ public safety ” by collecting data and furnishing 
temporary “rules” founded thereon. 

That it shonld do so requires that its members besides being generally scientific 
engineers, shonld be thorough masters of the theory and practice of railway-bridge 
building. 

Bat it seems to ns that Mr. Clarke’s recommendations go beyond the scope of the 
proposed bill, which primarily has reference to accidents and iheir means of prevention, 
and, secondarily , to investigation of accidents “ accompanied by circumstances of unusual 
or unexplained character,” (referring doubtless to the breakiug down of bridges, as well 
as to other calamitous accidents.) 

Generally speaking, collisions are the prolific source of calamitons accidents, those 
from failure of bridges in 1876 numbering but 20, against 280 collisions, and some 600 
derailments from other causes. And the remark is called for that the smalt bridges 
rather than the great ones are the source of d inger. The latt -r are always designed 
with great care, and the plans subjected to severe testing, their faithful construction 
secured by close supervision, their preservatiou insured by systematic watchfulness, 
and the running of trains over them subjected to severe regulation. The frequency of 
accidents from breakage of trestles and small bridges is due to the great number of 
these small structures, and to their eluding iu some degree'fche precautions which con¬ 
duce to the safety of great bridges. They, therefore, to that extent are due to the pro¬ 
lific source of railway accidents, “ negligence,” and must owe their prevention to the 
introduction of more vigilant and systematic management, the uecessity and true 
economy of which is uow beiug realised by our railway authorities. 

We regret that we are not able to describe the systems of government supervision of 
railways and bridges by the European governments. That there is to some extent an 
authoritative supervision in France, Germa »y, Austria, and Russia is believed. A 
thorough knowledge of these systems would be very important in its bearing upon 
measures our own G ivernment should desire to adopt. 

We here confine ourselves to an exhibition of the full bearings and scope of the pro¬ 
posed measure. It iuvolves questions of policy of the Government in this relation, and 
it seems to us that secured co-oper*tion of the several State g ivernraeiits would be 
very desirable to insure its loll efficacy. 


LETTER OF MR. THOMAS C. CLARKE, CIVIL ENGINEER. 

. Philadelphia, March 19, 1877. 

Dear Sir : I have received a copy of your proposed bill regulating inspection of 
bridges, and have been requested to communicate my vews to the American Society of 
Engineers for disenssiou at their April convention at New Orleans. I have done so, 
aud I now take the liberty to seud you the views which I have given them. 

I believe that inspection should btJ done by independent parties—that it should be 
general, covering all kinds of bridges, aud that it should be under an uuiform system. 

Your bill recognizes the first requisite. In, however, covers accidents on railways 
only. The truth is, that as far as bridges are concerned, those on railways are much 
better watched and are safer than highway bridges, which have in most cases no in¬ 
spection at all. I would iusert after the words United States *‘ and from the falling of 
highway bridges.” 

The most important requisite is that inspection of bridges shonld be made according 
to one uniform system. As it now is, the State legislatures, under the spur of the panic 
derived from the Ashtabula disaster, are framing laws providing for inspection under 
different systems, and with different penalties. 

Your board of commissioners should, as soou a* possible after their appointment, 
meet at Washington and take evidence from engineers, particqlaily those expeit in 
bridge-construction, and establish upon t he basis of that evidence certain general rules 
to apply to all bridges, both railway and highway, such as— 

1. The least load to be provided for on different lengths of spans, and on parts of the 
same span. 

2. The margin of safety. 

3. The mode of connecting the parts together, so as to form a whole as strong as 
those parts. 

4. Such mode of construction as would best prevent deterioration and decay. 

All of this could be expressed iu such words as would, while not hampering the ski l 
of designers, yet greatly increase the public safety. 
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These rales should be published and communicated to the different authorities. Stater 
municipal } and railway, with the authority and prestige of the board. More than this, 
I do not feel competent to recommend. But as an engineer and constructor of iron 
bridges I do say that inspection should— 

1. Be made by independent parties. 

2. Should cover all kinds of bridges. 

3. Should be under an uniform system based on evidence taken from experts. 

Your board would largely increase its usefulness if it covered the last two points. 

I am, very respectfully, your obedient servant, 

Thomas C. Clark, 

Member American Society Civil Engineer* and 
Institution of Civil Engineer *> London. 

Hon. Jam its A. Garfield, M. C. 


[44th Congress, 3d Session, H. R. 456?,] 

A BILL to provide for the more thorough investigation of accidents on railroadb. 

Be it enacted by the Senate and House of Representatives of the United States of Americs 
in Congress assembled f That the President of the United States is hereby authorized and 
requested to appoint a bo&jyi of three commissioners, who shall be officers of engineers 
of the Army, to inquire into the number, causes, and means of prevention of accidents 
on railroads in the United 8tates, the number of persons killed or injured thereby, and 
the most approved means of preventing the occurrence of the same; and it shall be the 
duty of said commissioners to hereafter investigate such accidents on railroads as may, 
in tueir judgment, be accompanied by circumstances of an unusual or unexplained 
character, and specially report upon the same. 

Sec. 2. That the commissioners appointed under this act shall, in addition to thek 
pay as officers of engineers of the Army, receive compensation for actual travel and 
other necessary expenses incurred in the duties herein designated. 

Sec. 3. That in addition to all special reports from time to time made, the commis¬ 
sioners herein provided for shall, at the close of eaoh year, forward to the Secretary of 
the Treasury a general report upon the subject of accidents upon railroads in the 
United States daring that year; which report, together with any special reports which 
the commissioners may have made during such year, shall be submitted to Congress. 
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Muskegon Harbor, Micb., improvement of..... 

N. • 

Nansernond River, Va., improvem°nt of... 

Nebraska City, Nebr., improvement of Missouri at...... 

New Buffalo Harbor, Mich., improvement of. 

New Bedford Harbor, Mass., improvement of. 

New Castle, Del., ice-harbor at.-. 

New Haven Harbor, Conn., improvement of. 

Newport Harbor, R. I., improvement of... 

New River, Virginia and West Virginia, improvement of. 

Nomini Creek, Va., improvement of. 

Norwalk River, Conn., improvement of. 

Norfolk Harbor, Va., improvement of.„. 

O. 

Oakland Harbor, San Francisco Bay, Cal., improvement of. 

Oak Orchard Harbor, N. Y., improvement of. 

Occoquan Creek, Va., improvement of..*. 

Ocmnlgee River,Ga., improvement of... 

Office of the Chief of Engineers..-.. 

Officers of the Corps of Engineers.... 

Ogdensbnrgb Harbor, N. Y., improvement of... 

Ohio River, improvement of... 
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Ohio River, improvement of, report of board of engineers on. 

Ohio River. Falls of, improvement of .. 

Oloott Harbor, N. Y., improvement of. 

Ontonagon Harbor, Mien., improvement of.. 

Oostenanla River, Ga., improvement of. 

Oswego Harbor, N. Y., improvement of. 

Otter Creek, Vt., improvement of. 

Ouachita River, Arkansas and Louisiana, improvement of ... 


P. 

Pain pi i co River,^N. C., examination of... 

Passaic River, N. J., improvement of.-. 

Pass Cavallo, Tex., improvement of.. 

Patapsco River, Md., improvement of... 

Pawcatnck River, Rhode Island and Connecticut, improvement of. 

Pawtucket River, R. I., improvement of... 

Penobscot River, Me., improvement of.. 

Pensacola Harbor, Fla., removal of obstructions from entrance.... 

Pent water Harbor, Mich., improvement of... 

Pfere Marquette Harbor, Mich. (See Ludington.). 

Perquimans River, N. C., improvement of. 

Plattsburgh Harbor. N. Y., improvement of.1. 

Plymouth Harbor, Mass., improvement of.. 

Port Chester Harbor, N. Y., improvement of. 

Port Clinton Harbor, Ohio, improvement of.. 

Port Jefferson Harbor, Long Island, N. Y., improvement of........ 

Portland Harbor, Me., improvements.. 

Port-warden’s line at Philadelphia.. A*..:. 

Port Washington Harbor, Wis., improvement of.. 

Protection of public work, against trespass or ipjury, report on, 
with form of an act for 


Providence River, R. I., improvement of. 

Provincetown Harbor, Mass., improvement of. 

Public buildings, grounds, and works. District of Columbia. 
Pultneyville Harbor, N. Y., improvement of.’.. 


R. 


Racine Harbor, Wis., improvement of.. 

Railroad accidents, investigation of. 

Rappahannock River, Va., improvement of. 

Reconnaissances and explorations. 

Red River Raft, La., removal of. 

Red River of the North, improvement of. 

Richmond’s Island, Me., harbor of refuge at. 

Rincon Rock, harbor of San Francisco, Cal., removal of. 

Rio Grande at Fort Brown, Tex., protection of river banks of. 

River and harbor improvement. 

Roanoke River, N. C., improvement of. 

Rock Creek Bridge, Washington Aqueduct, D.C. 

Rock Island Rapids, Mississippi River, improvement of. 

Rond out Harbor, N. Y., improvement of. 


Sabine Pass, Tex., improvement of. 

Sacramento and Feather Rivers, Cal., improvement of. 

Saginaw River, Mich., improvement of. 

Saint- Autbony, preservation of Falls of. v . 

Saint Augustine Creek, Fla., improvement of. 

Saint Clair Flats Ship-Canal. 

Saint Clair River, at the month of Blaok River, Mich., improve¬ 
ment of.... 
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Saint Croix River, He., improvement of. 

Saint Francis River, Arkansas and Missouri, improvement of...... 

Saint Joseph, Mo., improvement of river at. 

Saint Joseph’s Harbor, Mich., improvement of. 

Saint Louis Harbor, Mo., improvement of.. 

Saint Mary’s Falls Canal, Mich. 

Saint John’s River and Fernandina, Fla., deepening inside passage 

between. . . 

Salem Harbor, Mass., improvement of. 

San Diego Harbor, Cal., improvement of. 

San Joaquin River, Cal., improvement of. 

Sandusky City Harbor, Ohio, improvement of. 

Saugatuck Harbor, Mich., improvement of. 

Savannah Harbor and River, Ga., improvement of.. 

Schuylkill River, Pa., improvement of. 

Sea-coast and lake-frontier defenses. 

Seekonk River, R. I., improvement of..... 

Sheboygan Harbor, Wis., improvement of.. 

Shrewsbury River, N. J., improvement of... 

Suag-boats ou Mississippi, Missouri, aud Arkansas Rivers... 

Snake River, Wash. Ter., improvement of. 

Sodus Harbor, N. Y., Great, improvement of... 

Sod us Harbor, N. Y., Little, improvement of. 

South Haven Harbor, Mich., improvement of. 

Southport Harbor, Coon., improvement of. 

Southwest Pass. Mississippi River, improvement of. 

Staten Island, N. Y., improvement of New Jersey Channel. 

Steamer Henry Burden, operations of.*... 

Stonington Harbor, Conn., improvement of. 

Sturgeon Bay Canal, Wis., harbor of refuge at. 

Superior Bay aud entrance, Wis. 

Surveys aud explorations 40th parallel. 

Surveys aud explorations west of the 100th meridian.. . 

Survey of northern and northwestern lakes, and of the Mississippi 

River... 

Surveys and examinations for improvement of rivers and harbors, 

estimates for. 

Swan ton Harbor, Vt., improvement of. 


T. 

Taunton River, Mass., improvement of.. 

Tennessee River, above Chattanooga, improvement of.. 

Tennessee River, below Chattanooga, improvement of. 

Thames River. Conn., improvement of. 

Thunder Bay River, Mich., improvement of mouth of. 

Thunderbolt River, Fla., improvement of. 

Toledo Harbor, Ohio, improvement of... 

Tombigbee River, Ala., improvement of. 

Tone’s Bayou, La., closing of. 

Torpedo defense. 

Transportation-routes to the seaboard : 

Survey of third subdivision, central route, from Ohio River to 

tide-water in Virginia. 

Two Rivers Harbor, Wis., improvement of... 


IT. 

Upper Mississippi River, improvement of . 

V. 

Vermillion Harbor, Ohio, improvement of. 
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W. 

Wabash River, Ind., improvement of. 

Waddington Harbor, N. Y., improvement of. 

Wachita River, Arkansas and Louisiana, improvement of. 

Wareham Harbor, Mass., improvement of. 

'Washington and Georgetown Harbors, D. C., improvement of. 

Washington Aqueduct, D. C. 

Washington Aqueduct, Rock Creek Bridge. 

Water communication between Gulf of Mexico and Atlantic Ocean, 

report on.. 

Water-ganges on Mississippi River and tributaries. 

White River, Ark., above Jackson port, improvement of. 

White River Harter, Mich., improvement of. 

White and Saint Francis Rivers, removal of snags and rocks from . 

Wicomico River, Md., improvement of.... 

Willamette River, Lower, Oreg., improvement of. 

Willamette River, Upper, Oreg., improvement of. 

Wilmington, Cal., construction of breakwater at. 

Wilmington Harbor, Del., improvement of. 

Wilson Harbor, N. Y., improvement of... 

Wisconsin and Fox Rivers, improvement of .. 

Wisconsin River, improvement of. 

Y. 

Yazoo River, Miss., improvement of. 
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